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THROMBOCYTOSIS * 
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I. REVIEW OF PREVIOUS WORK AND ANALYSIS OF THE 
PROBLEM OF THE ORIGIN OF BLOOD PLATELETS 

Since Wright’s* theory of the origin of blood platelets from mega- 
karyocytes was first proposed in 1906, it has been the subject of a lively 
dispute. Although the theory is now widely accepted, apparently valid 
and reasonable evidence against it continues to be produced. Moreover, 
much of the experimental work in support of the theory is subject to 
one serious criticism, namely, that the studies of the bone marrow after 
experimental alteration of the platelet level were inadequate. I have 
therefore undertaken an investigation of the bone marrow in certain 
cases of thrombocytosis. 

In order to avoid the errors that appear in much of the previous 
work, an analysis has been made of the evidence presented on both sides 
of the question and of the methods of other investigators. This includes, 
first, observations on the bone marrow in certain clinical conditions ; 
second, observations on the blood and the endothelium in clinical and 
experimental thrombocytosis and thrombopenia; third, a summary of 
important experimental investigations, and fourth, a résumé of the 
observations of other authors on the variable appearances of the mega- 
karyocyte in normal and pathologic states. The criticisms arising from 
this analysis led to a consideration of the ideal method of approach to 
any investigation of Wright’s theory. 


BONE MARROW IN CERTAIN CLINICAL CONDITIONS 


Clinical observations bearing on Wright’s theory include, first, those 
of Wright himself,? who pointed out that both the number of circulating 
platelets and the number of megakaryocytes in the bone marrow are 
reduced in pernicious anemia and in lymphatic leukemia, and that both 
are increased in other anemias and in myelogenous leukemia. Selling,* 
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in cases of purpura due to benzol poisoning, found a great reduction of 
platelets and an absence of megakaryocytes in the aplastic bone marrow 
at autopsy. Ogata‘ in a case of myeloid leukemia with increased plate- 
lets found myeloid metaplasia of the kidney and liver and megakaryo- 
cytes present in numbers in these locations. Katsunuma® stated that 
increase or decrease of platelets and increase or decrease of megakaryo- 
cytes always go hand in hand. Dyke * corroborated Wright’s observa- 
tions on the platelet count and on the bone marrow in leukemias. 

Not all of the evidence has been so decisive, however, for Bunting ‘ 
reported definite increase in megakaryocytes in Hodgkin’s disease, but no 
correlation between this increase and the platelet count, which was found 
to be variable. It should be noted that some of the megakaryocytes 
showed pyknosis and karyolysis, and may have been incapable of func- 
tioning in their platelet-forming capacity. This subject will be discussed 
later. Dyke, also, found that the megakaryocytes showed no constant 
changes in number in cases of purpura, one group of cases showing 
megakaryocytes present in normal and excessive numbers, and another 
showing an aplastic bone marrow with no megakaryocytes. Again it 
should be noted that in those cases in which megakaryocytes were 
numerous, they were abnormal, showing no cytoplasmic granules. 
Although he reported no platelet counts in these cases, it is now well 
known, since the appearence of Duke’s work,’ that the number of plate- 
lets is usually reduced in cases of purpura. 


FORMATION OF PLATELETS OUTSIDE OF BONE MARROW 


Further evidence in favor of Wright’s theory has been adduced from 
such observations as the appearance of megakaryocytes in their entirety, 
or of large fragments of their cytoplasm, in the blood stream in certain 
cases of clinical and experimental thrombocytosis. Di Guglielmo ® 
stressed this in cases of leukemia and cited a number of previous authors 
who had made the same observation; he found, also, certain indications 
of the formation of platelets in these cells. During exacerbations in 
cases of leukemia, Minot *° found showers both of entire megakaryo- 
cytes and of large fragments of cytoplasm in the blood stream; at 
autopsy the capillaries of the lungs were crowded with these same struc- 
tures, and an increase in platelets usually accompanied their appearance. 
Similar changes have been noted in experimental conditions. For 
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example, Seeliger*' found in the blood stream after the injection of 
peptone, not only large masses of the cytoplasm of megakaryocytes, in 
many of which the granules were clumped into small groups prepara- 
tory to the fragmentation of the cytoplasmic mass into platelets, but 
also chains of platelets (“Perlenketten”), complete except for the final 
separation of the intervening fine cytoplasmic thread. Sabin ** had the 
good fortune to capture a megakaryocyte in a preparation of myelogen- 
ous leukemic blood in the warm stage, and observed it fragmenting 
into pieces that resembled in every detail normal platelets. Bunting ** 
noted the common occurrence of large fragments of megakaryocytes 
and the great variation in the size of platelets in cases of Hodgkin’s 
disease, in which, as has been stated, the count of megakaryocytes was 
always increased, although the platelet count tended at first to be high 
and subsequently low. He found, also, naked nuclei of megakaryocytes 
in the lung. Katsunuma® stated that emboli consisting of the nuclei 
of megakaryocytes always accompany an increase in platelets. Firket 
and Campos ** found such emboli after experimental saponin poisoning 
in rabbits. 

It may, perhaps, be worthy of note that a number of authors have 
suggested that some other cell than the megakaryocyte is capable of 
taking over the platelet-forming function when the megakaryocyte is 
rendered incapable, or when the demand for platelets is great. In a 
case of influenza with low platelet count and inhibition of the activity 
of the bone marrow due to toxic damage, Bunting ** found every large 
lymphocyte in the smear showing azurophil granules grouped at the 
periphery and forming single platelets. Brown,’* in experimental throm- 
bopenia produced by the injection of alkaline hematin in rabbits, 
found platelets budding from hypertrophied endothelial cells and from 
mononuclear cells in the bone marrow and circulating blood. Cramer 
and Drew ** observed platelets budding from endothelial cells in sub- 
cutaneous lymph nodes. Ferrata and Rinaldi ** found platelets budding 
from monocytoid cells which they believed to be young megakaryocytes. 


EXPERIMENTAL INVESTIGATION OF WRIGHT'S THEORY 


The investigation of the validity of Wright’s theory has not, how- 
ever, been content to rest on more or less isolated clinical observations. 
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An enormous amount of experimental work has been done. The usual 
method of approach has been the use of some experimental agent that 
reduces the number of circulating platelets, combined with a correlated 
study, more or less adequate, of megakaryocytes in the bone marrow. 
Such studies were made either during the time of reduction of the 
number of platelets or during the period of return to normal or during 
the compensatory increase that usually follows. Some of the more 
important investigations, most of them, though not all, corroborating 
Wright’s theory, will be briefly presented in chronological order. 

In 1909, three years after Wright’s first publication, Bunting **” 
undertook to show that changes in the number of platelets are not 
immediately correlated with changes in the number of any other of the 
circulating elements; i. e., that platelets are not dependent for their 
origin on the circulating cells, but arise in the bone marrow from 
megakaryocytes. Bleeding of rabbits caused a fall in the red cells and 
platelets, but the platelets returned to normal before the red cells recov- 
ered. After injections of saponin, likewise, the platelets rose above 
normal long before the red cells recovered. Sterile inflammation 
induced by the subcutaneous injection of croton oil and turpentine and 
the intraperitoneal injection of aleuronat produced both thrombopenia 
and leukopenia, but the platelets exhibited both a compensatory increase 
and a return to normal while the leukocytes were still rising. These 
experiments showed the independence of platelets both from erythro- 
cytes and from leukocytes. Bunting then counted the megakaryocytes 
of the bone marrow of the experimental and normal rabbits and found 
that when the number of platelets was for any reason increased above 
normal, the number of megakaryocytes was increased above 20 per 
square millimeter (the average normal), and conversely, when platelets 
were reduced, megakaryocytes, also, were reduced. 

Ogata * (1912) found in rabbits that after bleeding the increase of 
platelets was accompanied by an increase of megakaryocytes of 100 per 
cent (140 per visual field, as compared with a normal of 70), that 
Wright’s figures were increased in number, and that “Felderung,” or 
the grouping of granules supposed to be preparatory to the breaking up 
of the pseudopods into platelets, and the pinching off of platelets singly 
were more frequently seen. Similar pictures were seen after the intra- 
venous injection of staphylococcus cultures into rabbits. 

Duke ?® (1912 and 1913), in an experimental study of purpura, 
produced variations in the platelet level in rabbits by the injection of 
diphtheria toxin, benzol and tuberculin, all toxic to bone marrow. By 
grading the dosages of the first two, more toxic, substances, he was 


19. Duke, W. W.: (a) Footnote 8; (6) Causes of Variation in the Platelet 
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able to produce stimulation of the bone marrow with an increase in 
platelets, or destruction of the marrow with a decrease in platelets and 
the occurrence of purpura; in the latter case the megakaryocytes were 
almost completely absent. 

Brown *® (1913) found that alkaline hematin was highly toxic to 
both platelets and megakaryocytes. His finding of platelets arising from 
cells other than the megakaryocyte in this condition has already been 
mentioned. 

A most ingenious method for the removal of platelets from the 
blood stream was devised by Ledingham *® (1914 and 1915) and was’ 
used by him to produce experimental purpura. This work was ampli- 
fied by Bedson ** (1921 and 1923). An antiplatelet serum was produced 
in rabbits by injecting the platelets of guinea-pigs, and this proved to 
be highly destructive to platelets when reinjected into the guinea-pig. 
Bedson, who at one time (1923)** inclined to the older view that plate- 
lets are not formed from megakaryocytes, but are an independent genetic 
line, at first nucleated like the thrombocytes of lower forms, but losing 
their nuclei after the manner of mammalian red cells, undertook to 
discover (1925)** in which tissues or organs in the body platelets arise. 
Using as antigens lymph node, bone marrow, endothelial cells (large 
mononuclear cells obtained by inducing peritoneal exudate with old 
tuberculin and supposed to represent the reticulo-endothelial system), 
spleen and a quantity of blood equal to that contained in the spleen, he 
prepared antiserums from these antigens in the same manner as he 
prepared his antiplatelet serum. Of these, the serums prepared against 
bone marrow and spleen were highly specific against platelets. Since he 
had previously shown (1924)** that the spleen stores and destroys plate- 
lets, he reasoned that the specificity of the antispleen serum was due to 
the spleen’s content of stored platelets. Therefore, the bone marrow 
produces platelets, being the only tissue other than the spleen in which 
they or their parent tissues are present in sufficient concentration to 
stimulate the formation of antiplatelet antibody when the tissue is used 
as an antigen. This conclusion led him to the investigation of the mega- 
karyocytes. He found an increase in the number of megakaryocytes 
after the destruction of platelets by antiplatelet serum, and so was led 
rather reluctantly to an acceptance of Wright’s theory. 

Ferrata and Rinaldi ** (1915) in a study concerned, chiefly, with 
the origin and form of the megakaryocyte, induced augmentation of the 
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number of platelets by the use of pyrodine, pyrodine combined with 
bleeding, and lead, in the rabbit, dog, guinea-pig and mouse, and found 
increased numbers of megakaryocytes in the marrows of these animals. 

Firket and Campos** (1922), using methods similar to those of 
Foa,”* Bunting **” and Isaac and Mockel,”* investigated the action of 
saponin on blood platelets, first, by allowing it to come in contact with 
platelets in vitro, and second by simultaneous counts from a vein of 
the ear, the splenic vein and the portal vein after injecting it into rabbits, 
proving that platelets are actually destroyed by the toxin. Saponin is 
toxic also to the bone marrow, producing hemorrhages and focal 
necrosis. This destruction is accompanied by myeloid metaplasia of the 
spleen and liver where megakaryocytes appear in large numbers and 
Wright’s figures are conspicuous. 

Fabricius-Moller ** (1922) found that massive doses of x-rays pro- 
duced a diminution in the number of platelets in guinea-pigs, and when 
the dosage was sufficient, irradiation was followed by a hemorrhagic 
diathesis and even by death. He observed disintegration of the mega- 
karyocytes previous to the reduction in the number of circulating 
platelets. 

Seeliger ** (1923) used injections of peptone to produce thrombo- 
penia. Studies of the bone marrow showed increased numbers of active 
megakaryocytes. The signs of platelet-forming activity in megakaryo- 
cytes he described as (1) the presence of abundant azurophil granules 
in the cytoplasm, (2) the grouping of these granules (“Felderung’’), 
(3) the formation of pseudopods and (4) the grouping of the granules 
in the pseudopods in such a way as to form chains of platelets 
(“Perlenketten’’). 

In a series of experiments on the effects of benzol on hematopoiesis 
in rabbits, Weiskotten, Wyatt and Gibbs ** (1924) observed an initial 
rise in the platelet count, then a fall during the stage of degeneration of 
the bone marrow, and finally an increase, at which enormous numbers 
of megakaryocytes appeared in the regenerative marrow. 

Cramer and Drew ** (1923) found platelets reduced in rats suffering 
from a deficiency of vitamin A and recovery of the normal number as 
the animals recovered from their deficiency disease under the influence 
of cod liver oil. They reported that there was no evidence of mega- 
karyocytes participating in this increase, but stated that platelets were 
found budding from endothelial cells in the subcutaneous lymph nodes. 
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A rather extensive investigation of Wright’s theory was reported by 
Petri *° (1925 and 1926). He first established the normal platelet count 
and the limits of its variation in a series of rabbits and made careful 
counts of the megakaryocytes in these animals ; in addition, a differential 
study of the megakaryocytes established the ratio between granular and 
nongranular cells and the number of Wright’s figures. He then used 
a number of the experimental agents reported on by other authors to 
produce variations in the platelet count. Finally, he devised a method 
of his own, called by him “ideal blood platelet bleeding,” consisting of 
the removal of a relatively large quantity of blood, its fractional cen- 
trifugation to remove platelets and the return of all the blood constitu- 
ents except the platelets, plus, necessarily, the citrate required to prevent 
coagulation during this procedure. Saponin reduced the numbers of 
platelets and megakaryocytes, as had been reported previously, but when 
the platelet level returned to normal the megakaryocytes not only 
remained low, but were further reduced. Large hemorrhages reduced 
the platelet count; frequently repeated small hemorrhages increased the 
count, but the megakaryocytes were found at a low normal and Wright’s 
figures were reduced. After administration of peptone, there was only 
a temporary fall in platelets, which returned to normal in twenty-four 


hours, and no change in megakaryocytes. Pyrodine failed to produce - 


any change in the number of platelets or in that of megakaryocytes, and 
asphyxia, previously used by Bianchini and collaborators,*° and sup- 
posed to produce both increase in circulating platelets and the appearance 
of numbers of megakaryocytes in the spleen of young kittens, failed in 
Petri’s hands to do either. The gist of this portion of Petri’s work is, 
first, his negative results after the use of some of the experimental 
agents previously reported on and second, and chiefly, the absence of 
any correlation between changes in the platelet level and in the mega- 
karyocyte count. 

Petri’s blood platelet bleeding, while theoretically “ideal,” presented 
certain insurmountable practical difficulties. Theoretically, the method 
should have succeeded in removing only the platelets from the blood with- 
out affecting the other elements, but an immediate, progressive and pro- 
found anemia always developed in the animals and they died after the 
sixth bleeding. Experiments on the reinjection of different parts of the 
blood, with and without citrate, convinced him that the fatal outcome 
was due to the reinjection of plasma, but the reason for this remained 
undetermined. “Ideal blood platelet bleeding” did produce great fluctua- 
tions in the platelet count, with a tendency to early fall and subsequent 
recovery; even this, however, was not constant, as one animal showed 
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a primary rise. Megakaryocytes were either high, low or normal, and 
showed no correlation with the platelet count. He did, however, report 
a conspicuous increase in phenomena of degeneration in the mega- 
karyocytes and the presence of leukocytes within their cytoplasm ; these 
seemed sometimes to be phagocytosed by a healthy megakaryocyte, and 
sometimes to be invading a damaged megakaryocyte. Since blood 
platelet bleeding failed to produce a constant progressive change in either 
direction in the platelet count, no constant change in megakaryocyte 
count should have been anticipated. It is, moreover, unfortunate that 
Petri did not kill his animals when the maximum change in platelet 
number in any case had been obtained. For example, the megakaryo- 
cytes could hardly be expected to reflect changes in the number of 
platelets sixteen days after the last blood platelet bleeding and eleven 
days after the platelets had recovered, from a primary fall, to normal 
levels. Since, however, Petri alone, among all investigators of Wright’s 
theory, reported in detail differential counts of megakaryocytes on all of 
his experimental animals, his results cannot be disregarded. 

Petri gave additional reasons for his opposition to Wright’s theory. 
First, he denied any similarity between the cytoplasm of megakaryocytes 
and platelets in fixed material, either in tissues or in coagulated blood in 
doubly ligated blood vessels, although he attempted to follow exactly 
Wright’s technic for the preparation of sections. Second, he studied 
carefully in serial sections thirty megakaryocytes exhibiting Wright’s 
figures, and always found the pseudopods attached to the main cyto- 
plasmic mass. This proved, he maintained, that pseudopods are never 
broken away from the megakaryocyte to form platelets. Third, since 
he saw large, fully granulated megakaryocytes showing signs of degen- 
eration—namely, pyknotic nuclei, chromatin inclusions and vacuoles— 
he reasoned that the megakaryocyte therefore passes through stages of 
degeneration normal to any cell and not a special type of degeneration in 
which the cytoplasm is broken up into platelets. Fourth, he considered 
“Felderung” to be due to chemical, toxic or postmortem degeneration, to 
obliquity of the section or, in smear preparations, to bursting of the cell 
and rubbing together of the granules. 

Although there may be other grounds for objection to Wright’s 
theory, these offered by Petri are scarcely valid. In the first place, the 
similarity between the cytoplasm of megakaryocytes and platelets in 
sections can be repeatedly demonstrated by proper technic. Secondly, 
formation of pseudopods is regarded as only a preliminary step to 
fragmentation, and although large masses of cytoplasm do appear in 
the blood stream under conditions of abnormally rapid formation of 
platelets, they are supposed usually to fragment without preliminary 
detachment. Third, the occurrence of (toxic?) degeneration in any 
form of parent blood cell hardly proves that that cell might not, under 








GUNN—BONE MARROW IN THROMBOCYTOSIS 161 


normal conditions, have passed through a different cycle to a different 
termination. “Felderung” remains a matter of opinion in the interpreta- 
tion of undeniable, definite changes. 


BONE MARROW WITH SPECIAL REGARD TO MEGAKARYOCYTES 


It will be apparent from the above résumé of previous experimental 
work that any serious investigation concerned with Wright’s theory must 
include not merely cursory observation, but very painstaking study of 
the bone marrow of the experimental animals. Ogata* long ago noted 
that the intensity of hematopoiesis varies greatly in animals of different 
ages, and that it is therefore necessary to use animals of the same age 
in any numerical study of the megakaryocytes. Sections must be selected 
from different levels in the marrow of the long bones, to determine 
whether or not hematopoiesis has been stimulated in areas of fatty 
marrow, where normally it is quiescent, and, as Ogata emphasized, in 
any comparison between different animals sections from the same level 
must be used. 

The factor, however, that renders a numerical study of the mega- 
karocytes most difficult and most liable to fallacy is the complexity of 
forms assumed by this cell. First, there are the forms appearing during 
the course of normal development, maturation and functional activity. 
Wright *” pointed out the embryonic precursor of the megakaryocyte, 
and Ogata* and Downey * amplified his description of the mega- 
karyocyte in functional activity, while Ferrata and Rinaldi ** described 
the origin and earlier stages of development in detail. From the hemo- 
cytoblast (large lymphocyte of Maximow?) and the hemohistioblast 
(resting wandering cell?) in the embryo, but chiefly from the hemocyto- 
blast in the adult, the “megakaryoblast,” with intensely basophil cyto- 
plasm free from granules, develops by simple hypertrophy. Coincident 
with increase in size of the cell, the nucleus divides mitotically or amito- 
tically and a coarse net of chromatin is formed within it. The cell is 
now a “lymphoid megakaryocyte.” Azurophil granules accumulate, at 
first in the perinuclear zone, later filling the entire cytoplasm. The cell 
is now, according to Ferrata and Rinaldi, a “mature megakaryocyte,” 
The appearance of pseudopods, which, according to Wright, project into 
the lumina of sinusoids (Wright’s figures), the grouping of granules 
into smaller and smaller masses as first described by Wright *° and later 
by Ogata * and Downey,” the fragmentation of pseudopods into plate- 
lets, either before or after the pseudopod has broken away from its 
parent cell, all indicate the maturity and functional activity of the mega- 
karyocyte. The “naked nucleus” so often observed must obviously be 
interpreted as the end-result of loss of cytoplasm by the formation and 
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separation of pseudopods. In times of rapid regeneration of platelets, 
these processes may be telescoped—the formation of platelets from 
megakaryoblasts and the appearance in the blood stream of megakaryo- 
cytic pseudopods not yet showing “Felderung” have been mentioned. 

Many authors have noted, in pathologic conditions, an increase in 
the number of either young or degenerating forms of the megakaryocyte, 
i.e., in forms which deviate from the classic description of the adult 
megakaryocyte given by Schridde** and by Wright.* Ferrata and 
Rinaldi ** found that megakaryoblasts were increased in the marrow of 
their experimental animals. Bedson and Johnston ** reported an increase 
in lymphoid and immature megakaryocytes after the use of antiplatelet 
serum. Bunting **® observed that young megakaryocytes with merely 
bilobed nuclei were numerous in marrows in which active regeneration 
of megakaryocytes was taking place, and that during rapid formation 
of platelets 50 per cent of these cells had little or no cytoplasm. 
Klaschen,** although he reported no platelet counts, studied the mega- 
karyocytes in the spleen of the mouse after the injection of caseosan, 
and found (1) lymphoid, nongranular premegakaryocytes with large 
vesicular nuclei, (2) young, small megakary~ ytes, round or irregular, 
with basophil cytoplasm and a minimum of »granules, these cells being 
often arranged in groups as though syncytial, and (3) large, typical, 
mature megakaryocytes undergoing fragmentation. Firket ** reported 
that when rabbits had a low platelet count (from 159,000 to 267,000) 
at the time of death, eight days after the last injection of. saponin, the 
megakaryocytes, though numerous, were in the lymphoid stage, while 
in an animal that had received less saponin and had 474,000 platelets, 
72.5 per cent of the megakaryocytes were granular. Dyke’s observation 
that a high count of nongranular megakaryocytes may be present in 
purpura has been noted. Gaspar ** made an observation that clarifies 
considerably the whole subject of the relation of platelets to mega- 
karyocytes. He studied cases of pernicious anemia, aplastic anemia and 
purpura with low platelet counts, and found that the platelet number 
could be correlated only with the number of functional megakaryocytes 
and not with the total number. He classed as nonfunctional (1) young 
megakaryocytes with granules only in the central part of the cell and 
without pseudopods and (2) damaged megakaryocytes showing a 
pyknotic nucleus and loss of staining power of the granules, the nuclear 
preceeding the cytoplasmic damage. 

This leads to the second factor that may render a numerical corre- 
lation between megakaryocytes and platelets more complex, namely, the 
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appearance of phenomena of degeneration in megakaryocytes. These 
phenomena have been repeatedly noted by many workers, and their 
occurrence is usually regarded as evidence of loss of function on the 
part of the megakaryocyte. 

Third, no departure from the classic description of the megakaryo- 
cyte is more conspicuous and no phenomenon is more difficult to reconcile 
with Wright’s theory than the inclusion of the other blood cells within 
the cytoplasm of the megakaryocyte. Three hypotheses in explanation 
of this are possible: 


1. The included cells merely lie accidentally within lacunae in the cytoplasm 
of an irregularly shaped megakaryocyte; this seems most plausible when only one 
or a few cells are found at or near the periphery, especially when both megakaryo- 
cyte and included cells seem normal and a narrow clear space (attributed by 
Seeliger to shrinkage of both cytoplasms) appears around the included cell. The 
appearance of a complete ring of megakaryocyte cytoplasm around the blood cell 
might then be accounted for by the plane of section. This hypothesis, however, 
becomes untenable when the cytoplasm of the megakaryocyte is riddled with blood 
cells. 

2. The megakaryocyte p agocytoses the blood cells. This theory seems most 
plausible if the megakaryocy: ’ is normal, if the included cells are definitely dam- 
aged, and if erythrocytes, whi-h are nonameboid, are included. 

3. The megakaryocyte is. being invaded by phagocytic leukocytes, a theory 
that is rendered almost necessary if the megakaryocyte shows pkynosis of 
its nucleus and disintegration of its cytoplasm while the included cells appear 
normal, and that is further strengthened if it can be shown that erythrocytes are 
never found in the depth of the cytoplasm. 


Woodcock ** believed that the megakaryocytes phagocytose and 
digest erythrocytes and manufacture platelets out of the pabulum. See- 
liger ** found erythrocytes, leukocytes and lymphocytes included within 
the cytoplasm of mature megakaryocytes showing “Felderung” at the 
periphery; the signs of degeneration and digestion appearing in the 
included cells, which he described in detail, convinced him that it was 
actually phagocytosis on the part of the megakaryocyte. Petri’s observa- 
tion of the same phenomenon has been mentioned ; the inclusions con- 
sisted of granulocytes, erythrocytes and “homogeneous platelets.” Some 
observations of my own on the subject of the inclusion of blood cells 
within the cytoplasm of megakaryocytes will be given later. Phagocy- 
tosis of bacteria by megakaryocytes was reported by Katzenstein.** 

The foregoing detailed descriptions of the megakaryocyte have been 
reviewed at such length because of its outstanding importance in the 
interpretation of results in experiments of this nature. Wright’s theory 
rests fundamentally on the demonstration of a correlation between 
changes in the number of circulating blood platelets and changes in the 


36. Woodcock, cited by Bedson (footnote 22). 
37. Katzenstein, W. F.: Ztschr. f. d. ges. exper. Med. 48:607, 1926. 
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number, or in the evidence of platelet-forming activity, of megakaryo- 
cytes. In order to determine when a megakaryocyte shows evidence of 
platelet-forming activity, all the other phenomena exhibited by mega- 
karyocytes must be properly interpreted. For example, is the 
megakaryocyte phagocytic? Or do leukocytes remove damaged mega- 
karyocytes? Is there an increase in damaged megakaryocytes during 
or following an increase in platelets? Does the presence of a pyknotic 
nucleus signify that platelet-forming activity has been or will soon be 
arrested? If phagocytosis is an accessory function of the megakarocyte, 
what are the conditions that cause it to assume this function? Can a 
megakaryocyte phagocytose blood cells or other material and at the same 
time form platelets? Or does phagocytosis, assuming that it occurs, 
interfere with the platelet-forming function? Until such questions can 
be satisfactorily answered, that exact correlation between platelets and 
megakaryocytes on which Wright’s theory depends cannot be established 
beyond doubt. 

With regard to the study of numerical changes in megakaryocytes, 
only Bunting,’®” Ogata,* Firket ** and Petri ** reported actual counts of 
megakaryocytes on some or all of their animals, and only Petri included 
differential counts, although other writers stated that such enumerations 
had been made. The failure to report both total and differential counts 
of the megakaryocytes constitutes a serious omission from any study 
concerned with Wright’s theory. 


IDEAL APPROACH TO PROBLEM OF ORIGIN OF PLATELETS 


Experimental work that purposes to deal with the problem of the 
origin of platelets should therefore avoid certain errors inherent in much 
of the older work and should attempt to fulfil certain ideal requirements. 
The first requisite is a proper experimental agent. Practically all of 
the agents thus far mentioned have augmented the production of plate- 
lets only secondarily ; i. e., as a compensation to the primary removal or 
destruction produced by the experimental method or agent. This mode 
of action is not in itself objectionable, but chemical agents acting in this 
way are invariably more or less toxic. Toxicity likewise need not be 
objectionable since the dosage of toxic substances, at least theoretically, 
could be graded to produce a stimulating effect with a primary increase 
in the number of platelets. Toxic agents, however, have acted on all 
the blood elements, thus complicating the picture of the bone marrow by 
affecting all types of hematopoiesis. The same objection applies to 
bleeding as an experimental method. In larger doses the toxic agents 
have damaged or destroyed megakaryocytes, as well as platelets, and 
have even produced generalized destruction of the bone marrow. It is 
clear that a damaged bone marrow cannot react in a normal fashion. 
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The ideal agent, therefore, should produce an isolated effect on platelets, 
preferably a primary rather than a compensatory increase, and should 
be relatively nontoxic. Petri, by means of his ideal blood platelet bleed- 
ing and Bedson by his antiplatelet serum, attempted, but failed, to 
devise an agent acting on blood pkatelets alone. Blood platelet bleeding 
produced profound anemia in a very short time, and the antiplatelet 
serum, though carefully absorbed out with other antigens, was likewise 
attended by an untoward effect (not due to agglutination) on the red 
cells. 

As a second requirement for adequately controlled experimental 
work on the origin of platelets, the studies of tissues must take cog- 
nizance not merely of numerical changes in the megakaryocytes, but of 
the character of these cells, whether young, mature or defunct, and of 
the occurrence of degenerative phenomena and cell inclusions. Third, 
the tissues must be taken for study at different stages during the rise 
and fall of the number of platelets to ascertain whether there is any 
correlated change in functional megakaryocytes. Fourth, the animals 
should be approximately of the same age and the sections for compara- 
tive studies taken from the same levels of the bone marrow. Finally, 
certain precautions, which will be described in part II under the heading 
“Material and Methods,” must be observed in the technic of counting 
platelets and in the handling of tissues. 

In the experiments that form the basis of parts II and III of this 
paper two different methods have been used in attempts to increase the 
blood platelets selectively, namely, irradiation with ultraviolet light and 
infection with a specific bacterium. The use of certain operative pro- 
cedures, including splenectomy, will be reported in a later publication. 
None of these meets all of the requirements for an “ideal agent,” but 
each is sufficiently selective to justify its use in experiments of this 
kind. The nature of the action and the degree of selectivity in each 
case will be discussed subsequently. 


II. EXPERIMENTS WITH ULTRAVIOLET LIGHT 


As was stated in part I, experiments were undertaken which had 
for their purpose the induction of thrombocytosis and the study of the 
correlated changes in the bone marrow. It was hoped that these studies 
might contribute to the solution of the problem of the origin of blood 
platelets. 

In the first group of experiments ultraviolet light was used to induce 
thrombocytosis. The fact that ultraviolet light has such an influence 
on the level of platelets had been previously observed. Cramer and 
Drew ** showed that thrombopenia developing when rats were reared 
in darkness on a diet deficient in vitamin A could be overcome by ex- 
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posure to ultraviolet light. Laurens and Sooy ** (1924) were able to 
produce an increase in blood platelets in the rat by use of the same 
agent. Sooy and Moise *® (1926) treated patients for purpura 
hemorrhagica with the quartz lamp, and found that the increased number 
of platelets so obtained was accontpanied by clinical improvement. 
Sanford *° (1927) found that, besides inducing other changes in the 
blood, ultraviolet light raises the platelet count in new-born infants. 
Preliminary experiments on the effect of ultraviolet light on the blood 
platelets of rabbits have been reported by myself ** (1926), and similar 
experiments in greater detail have been reported by Hardy *? (1927) 
and by Vannfalt ** (1929). Similar results were obtained with dogs 
by Miles and Laurens ** (1926) and Mayerson and Laurens ** (1928) ; 
irradiation by means of the carbon arc was used in their experiments. 


MATERIAL AND METHODS 


Two groups of rabbits were used for the experiments, seven normal animals 
and seven subjected to irradiation from the mercury vapor quartz lamp. Daily 
blood counts were made on each animal throughout the course of an experiment, 
and an additional count was made on the last day just before the animal was 
killed. Blood samples for the counts were taken from the marginal vein of the 
ear in every case. Erythrocyte and leukocyte counts were made in the usual 
manner, the same pipets being used for all counts. Enumeration of blood plate- 
lets was accomplished by an indirect method similar to that of Fonio.4® The ratio 
of platelets to erythrocytes was determined by counts made. on dried, stained 
films and the number of platelets calculated from the previously determined ery- 
throcyte count. The films were made from a freely flowing drop of blood obtained 
by puncturing a vein of the ear through a drop of isotonic anticoagulant fluid. 
The method has been described in detail (Gunn,#1 Gunn and Vaughan‘"). This 
method has been criticized by some authors, but I have found it to yield more 
uniform results than any other method employed, and it continues after long use 
to be satisfactory. 

The animals were killed by a blow on the back of the head. Bone marrow 
and other tissues were removed with dispatch and immediately fixed while still 
warm in Zenker’s fluid plus solution of formaldehyde and Miiller’s solution plus 


38. Laurens, H., and Sooy, J. W.: Proc. Soc. Exper. Biol. & Med. 22:114, 
1924, 

39. Sooy, J. W., and Moise, T. S.: Treatment of Idiopathic Purpura Hemor- 
rhagica by Exposure to Mercury Vapor Quartz Lamp; Preliminary Report, J. A. 
M. A. 87:94, 1926. 

40. Sanford, H. N.: Effect of Ultraviolet Light on the Blood of New-Born 
Infants, Am. J. Dis. Child. 33:50, 1927. 

41. Gunn, F. D.: Proc. Soc. Exper. Biol. & Med. 24:120, 1926. 

42. Hardy, M.: Am. J. Hyg. 7:811, 1927. 

43. Vannfalt, K. A.: Compt. rend. Soc. d. biol. 101:607, 1929. 

44. Miles, A. L., and Laurens, H.: Am. J. Physiol. 75:462, 1926. 

45. Mayerson, H. S., and Laurens, H.: Am. J. Physiol. 86:1, 1928. 

46. Fonio, A.: Cor.-Bl. f. schweiz. Aerzte 45:1505, 1915. 

47. Gunn, F. D., and Vaughan, S. L.: Anat. Rec. 45:59, 1930. 
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solution of, formaldehyde. Disks about 3 mm. in thickness were cut with a jew- 
eler’s saw from the tibia and femur at different levels—(1) just below the 
trochanter, (2) through the middle, (3) just above the epicondyles of the femur 
and (4) from the upper end of the tibia. The lower part of the tibia was then 
cracked open and the marrow examined to ascertain the level of the line of 
demarcation between red and fatty marrow. Normally, in animals of the size 
and age used, this line is located at about the middle of the tibia; the marrow of 
the femur is red throughout. When the marrow is actively hyperplastic, the red 
marrow extends farther distally in the tibia, sometimes throughout its whole 
length. 

The tissues in Zenker’s fluid plus solution of formaldehyde were allowed to fix 
for from six to seven hours; those in Miiller’s solution plus solution of formalde- 
hyde for from twenty to twenty-four hours. At this time the marrow was removed 
from the bony rings after first being loosened from the bone with a thin pointed 
blade. All tissues were washed in running water for twenty-four hours. To 
prevent shrinkage of the tissues the following precautions were observed: Dehy- 
dration in the higher alcohols was permitted only for minimum periods; chloro- 
form was used for clearing; the period of infiltration in pure paraffin at 56 C. was 
two hours. 

Sections were cut at 5 microns. Two principal stains were used, Giemsa’s on 
the material fixed in Zenker’s fluid and Wright’s tissue stain, prepared as described 
by him, on the material fixed in Miiller’s solution. Giemsa’s stain does not stain the 
platelets clearly in sections and does not give a brilliant stain on the granules of 
the megakaryocytes, but is more satisfactory than Wright’s for studying the 
nuclear changes, and is the method of choice for all other myeloid elements. 
Wright’s stain gives unsatisfactory results on the material fixed in Zenker’s fluid. 

Studies of bone marrow included (1) general observations on hematopoiesis 
and (2) numerical and differential counts on megakaryocytes. The counts were 
made with a Spencer binocular microscope, 10 & oculars and the 4 mm. objective 
being used. With this system of lenses each visual field represents an area mea- 
suring 0.35 mm. in diameter. Every megakaryocyte showing a portion of the 
nucleus was counted in 400 visual fields, 100 fields from each of the four levels 
mentioned. 

Megakaryocytes were divided into (1) mature, (2) lymphoid and (3) degen- 
erating forms. “Mature cells” comprised those conforming to the classic 
description and also the young megakaryocytes with granules appearing only in 
the perinuclear zone. “Lymphoid megakaryocytes” included those of any size 
with basophil cytoplasm devoid of granules; the smallest of these had a pale blue 
vesicular nucleus and a narrow rim of deeply basophil cytoplasm; the larger had 
a complex nucleus similar to that in the mature form. Degeneration was evidenced 
by pyknosis of the nucleus, by loss of distinctness and brilliancy in the granules 
of the cytoplasm, and by a tendency of the cytoplasm to take the acid stain. 
“Naked nuclei” were classed with degenerating cells, since practically all of them 
showed distinct evidence of degeneration in the forms of chromatolysis and 
pyknosis. “Naked nuclei” in a few instances constituted a large proportion of 
the cells classed as degenerating. The sum of these three types gave the total 
number of megakaryocytes. In addition, separate enumerations were made (1) of 
megakaryocytes in the cytoplasm of which leukocytes were seen and (2) of 
Wright’s figures. The included leukocytes were almost invariably polymorpho- 
nuclear and rarely were lymphoid; erythrocytes were never found included. 
Although sometimes the leukocytes were degenerating, more commonly the evi- 
dences of degeneration appeared in the megakaryocyte. The inclusion of leuko- 
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cytes occurred, then, usually in degenerating megakaryocytes, but sometimes in 
apparently normal mature cells and very rarely in lymphoid forms. Wright's 
figures included those cells showing “Perlenketten,” pseudopods with clumping of 
granules, or fragmentation of the entire cytoplasm. 

The source of the ultraviolet light used in these experiments was the mercury 
vapor quartz lamp (Victor 110 volts, 10 amperes). After normal counts were 
established, the back of the animal was shaved or closely clipped and the animal 
exposed daily to increasing doses, beginning with an exposure of about five minutes 
at a distance of 16 inches (40.7 cm.) and increasing to as much as from twenty to 
thirty minutes at the same distance over a period of from five to fourteen days. 
Seventeen animals were treated in this way, all but two or three of which 
responded with a considerable increase in platelets. For the present study seven 
animals were selected which showed an increase of from 37.7 to 179.5 per cent 
above the average normal, with an average increase of 96.2 per cent. Other 
animals showed increases as great or greater than these, but were allowed to sur- 
vive, so that the duration of such increases could be ascertained. Others had been 
subjected to experimental conditions other than that of irradiation by ultraviolet 
light and so were not suitable for this study. Of the seven selected, two were 
killed while the platelets were at a high level and still increasing, two on the 
second day after the maximum count and while the platelets were declining, one 
on the third and two on the fourth day. 

As controls, seven normal animals were used and were subjected to no mani- 
pulation other than that incident to daily complete blood counts. In each case an 
additional blood count was made on the fourth day just before the animal was 
killed. 

All the animals were kept in cages in a moderately well lighted room, but out 
of direct sunlight, both before and during the experiments, and were fed on a diet 
of oats, carrots and alfalfa hay. 


RESULTS 

The results have been tabulated in tables 1, 2 and 3. 

Normal Animals.—The results of the enumeration of blood elements 
and of the differential count of megakaryocytes in the normal animal 
were surprisingly constant (table 1). Only the final count of the 
erythrocytes is recorded in the table; the average erythrocyte count was 
6,346,000. The average leukocyte count was 9,692, with variations 
between 6,300 and 12,200. Platelet counts varied between 393,000 and 
763,000 (the lowest and the highest single counts), with an average 
normal count of 626,000. The average normal platelet count, including 
those on the experimental animals before treatment was 750,000. The 
count on rabbit 54 was not included in this average because this animal 
showed a spontaneous high normal level of unexplained origin. 

The total megakaryocyte count averaged 239.7 per hundred visual 
fields, distributed among the three types as follows: mature, 169.3; 
lymphoid, 47, and degenerating, 23.5. Of these, 4.4 (per hundred 
visual fields) showed “phagocytosis” and 4.1 showed Wright’s figures. 
The total megakaryocyte count varied between 204.3 and 312.5; the 
mature between 137 and 223; the lymphoid, between 31.5 and 65.5, and 
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the degenerating between, 17 and 26.5. The highest number of phago- 
cytic forms was 8.5; the lowest, 2.5. The highest number of Wright’s 
figures was 6.5; the lowest, 2.5. 

Animals Treated with Ultraviolet Light——Ultraviolet light produced 
increases in the count of circulating blood platelets varying from 37.7 
per cent to 179.5 per cent, or an average increase of 96.2 per cent. The 
highest level attained under the influence of ultraviolet light was 
2,636,000; the average of the highest levels was 1,789,000, and the 
average level just before autopsy was 1,370,000. The animal showing 
the smallest rise in platelets was no. 54, which had had a spontaneous 
rise before treatment and, therefore, the highest average normal level. 

Megakaryocytes showed an average total of 284.7 per hundred visual 
helds, which was an increase of 19 per cent above the normal average 
total, although the total in four of the seven animals fell within normal 
limits. The total was distributed as follows: mature, 220.8; lymphoid, 
31.2 ; degenerating, 32.8, or an increase in mature and degenerating forms 
and a decrease in lymphoid forms. The most marked variation from 
the normal picture, however, was found in the occurrence of 17.7 
phagocytic forms, a considerable increase, and of 9.5 Wright’s figures, 
which was more than double the normal number. Animal 46 was 
omitted from the calculation of all averages in this section because its 
bone marrow was distinctly different from that of the other animals 
treated with ultraviolet light and strikingly similar to that of infected 
animals, which will be described in part 3. Its leukocyte count of 22,100 
at autopsy supported the suspicion that the animal was infected. 

Distinct evidence of general hyperplasia of the bone marrow was 
present in four of the seven rabbits of this group. The other three 
appeared normal, both grossly and microscopically. In only one (20) 
was there gross evidence of hyperplasia, and in this one the red marrow 
extended nearly to the lower end of the tibia. In the others, the line of 
demarcation between red and fatty marrow was at about the middle or 
slightly below the middle of the tibia. Microscopically, a moderate 
degree of hyperplasia involving both erythropoietic and granulopoietic 
was found in three animals (17, 20 and 46) and a somewhat milder 
degree in a fourth (13). It will be observed from table 2 that these 
four animals showed the greatest platelet response. 


SUMMARY AND COMMENT 


The experiments showed that under the influence of ultraviolet light 
an elevation of the level of the blood platelets occurred that was strikingly 
correlated with changes in the number and the form of the mega- 
karyocytes in the bone marrow. Certain definite tendencies were ap- 
parent in the megakaryocytes. First, they showed, if average figures 
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are considered, an increase in total number, although individual cases 
fell within the limits of normal variation, which are wide. Second, 
Wright’s figures were distinctly increased. Although two animals failed 
to show increases in Wright’s figures above the highest normal, the 
number in both was greater than the average normal; rabbit 13 merely 
reached the high normal ; rabbit 49 had had only a 59 per cent increase 
in platelets and was not killed until four days after the peak ; at this time 
the platelet level was nearly normal (942,000). Third, there was a 
noticeable diminution in lymphoid forms and a tendency to maturation ; 
this was manifested by a decrease in lymphoid forms of 33.6 per cent, 
by an increase in mature forms of 30.4 per cent, and by an increase in 
degenerating forms of 39.5 per cent. These are the average figures 
for the entire group. 

If the data obtained from the seven experimental animals are 
analyzed more closely, arranging the animals according to the number 
of days that elapsed between the time of the maximum platelet count and 


TABLE 3.—Animals Treated with Ultraviolet Light 











Platelets Percentage of Increase or Decrease in 
— Ht Total and Differential Counts of 
Days from Nor- Increase Megakaryocytes 

Platelet mal at A —~ 

Peak to Rab- Aver- Autopsy, Lym- Degen- Phago- Wright's 

Autopsy bits age perCent Total phoid Mature erating cytic Figures 
At pealk........00 2 854 78.4 —12.8 —-56.0 —2.0 +13.2 +457.0 +121.1 
2d day after..... 2 1,086 36.5 +37.5 —30.0 +50.4 +79.8 +195.5 +165.9 
3d day after..... 1 760 34.5 +8.2 -—81.9 —82.7 +486.4 +3,020.5 +107.3 


4th day after.... 2 885 41.1 +29.9 —15.1 +42.9 +25.1 +252.3 +111.0 








the time of autopsy, certain exceptions to these general trends appear 
(table 3). First, the average total number of megakaryocytes in the 
two animals killed at the peak is actually less (12.8 per cent) than the 
normal average total and the increase in the total number in the animal 
killed on the third day is but 8.2 per cent. These figures, however, all 
fall within the limits of normal variation, which, as previously stated, 
are wide. Second, the same three animals failed to show an increase 
in the number of mature megakaryocytes. In other words, an exact 
correlation between the number of megakaryocytes and the level of the 
platelets at the time of autopsy cannot be demonstrated, just as Petri 
maintained and contrary to the claims of most of the protagonists of 
Wright’s theory. This fact serves merely to emphasize the need for 
most careful analysis of the megakaryocytes. When such an analysis 
is made, it is seen that none of the animals failed to illustrate the ten- 
dency to a shift from lymphoid to mature and degenerating forms—in 
other words, an increased rate of maturation. The evidence from this 
study of thrombocytosis induced by ultraviolet light and from a study 
of the correlated changes in the bone marrow tends, I believe, to 
substantiate Wright’s theory. 
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A possible explanation for the striking increase in the phagocytic 
forms became apparent only when the results obtained by the use of 
ultraviolet light were compared with those obtained by the use of other 
agents. At the same time, a theory of the mode of action of ultraviolet 
light on megakaryocytes and platelets was suggested. These theories 
will be discussed in part 3. 


II]. EXPERIMENTS WITH A SPECIFIC BACTERIAL INFECTION 


The experimental induction of thrombocytosis and the study of 
correlated changes in the bone marrow were continued in a second group 
of animals infected with a specific organism, hereafter referred to as 
Bacillus thrombocytogenes. The eariy results of these studies have been 
reported in a preliminary paper.** 

The influence of bacterial infections on the platelets and the signifi- 
cance of alterations in the number of platelets in infections is rather 
obscure, in spite of the fact that a large number of observations have 
been made. These observations have been almost entirely confined to 
clinical cases. One of the most intensive studies was made by 
Reimann,*® in pneumococcal infections. He found that in lobar 
pneumonia, thrombopenia occurred during the febrile period of the 
disease and lasted until the temperature began to fall by crisis or by 
lysis, after which the platelets began to increase in number, reaching a 
level considerably above normal and finally subsiding gradually to a 
normal level in about two weeks. This has been found to be true, in 
general, of a number of other acute infections. Most observers have 
found the platelets decreasing in number at the onset of the fever, in- 
creasing gradually during the disease, rising above the normal level 
after the temperature has subsided, remaining high for one or two weeks 
and subsiding gradually to normal. As exceptions to this general rule, 
scarlet fever has been found to show no thrombopenia during the febrile 
stage, but rather an increase in platelets (Stahl*°). Bannerman *™ 
observed an increase in platelets in the common cold. Platelet counts 
in tuberculosis indicate an inverse ratio between thrombocytosis and the 
patient’s resistance to the disease. Bannerman ** found that patients 
with a count above 510,000 usually showed evidence of a rapidly down- 
grade course, while counts below 400,000 indicated a good prognosis. 

The response of blood platelets in rabbits to infection with B. throm- 
bocytogenes seems to be exceptional, as the thrombocytosis appears at the 
beginning of the infection without a preliminary thrombopenia. 


48. Gunn, F. D.: Proc. Soc. Exper. Biol. & Med. 24:857, 1927. 
49. Reimann, H. A.: J. Exper. Med. 40:553, 1924. 

50. Stahl, R.: Ztschr. f. klin. Med. 96:182, 1923. 

51. Bannerman, R. G.: Brit. J. Exper. Path. 5:16, 1924. 

52. Bannerman, R. G.: Lancet 2:593, 1924. 
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MATERIAL AND METHODS 


The rabbit from which B. thrombocytogenes was originally recovered 
had been subjected to splenectomy and had shown a resultant rise in 
platelets, which in a few days returned to the normal level. The animal 
was then given a course of treatments with ultraviolet light. The 
number of platelets again increased and was again decreasing after the 
treatment had been discontinued when, without apparent cause, a 
secondary rise occurred, which continued for thirteen days, reaching 
a maximum of 3,408,000 per cubic millimeter. The animal was killed 
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Chart 1.—The curve of the red blood cell count (dotted line) and of the platelet 
count (solid line) of rabbit 21, an albino male, infected with Bacillus throm- 
bocytogenes. . 


one day after the maximum count was obtained, when the platelet count 
had dropped to 2,654,000 (fig. 1). The only striking pathologic change 
found was a rather extensive cheesy mass infiltrating the lateral 
abdominal wall near the site of operation, and from this the bacillus was 
obtained in pure culture. The only other abnormality found was a 
hyperplastic bone marrow. Reinjection of the subcultures of the bacillus 
was effective, shortly after its original isolation, in producing a striking 
increase of platelets in the other four rabbits included in this group. 
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Figure 2 illustrates the platelet response in one of these animals. A 
number of other rabbits similarly treated were allowed to recover. None 
of the animals exhibited as great a rise in platelets as that observed in 
the first, possibly because in the latter it was a summation of effects 
of the several agents used. The infection was attended by leukocytosis 
and in the large doses used was fatal in three animals. After nine 
months in subcultures the bacillus had lost much of its virulence for 
rabbits and its ability to affect the number of platelets was somewhat 
diminished. 

The cultural and biologic characteristics of B. thrombocytogenes 
will be described in detail in a separate report. It grows on artificial 
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Chart 2.—The curve of the red blood cell count (dotted line) and of the 
platelet count (solid line) of rabbit 27, a black male, inoculated with Bacillus 
thrombocytogenes, 


mediums as long, slender rods, forming long chains in bouillon and 
sometimes forming oval, subterminal spores. Reduced oxygen tension 
favors its growth. In.old cultures the bacilli are positive to Gram’s 
stain, but usually they are gram-negative. 


In these experiments, forty-eight hour cultures on blood agar slants were 
suspended in sterile saline solution and injected subcutaneously and intramus- 
cularly into each animal, except one. In this case an intravenous injection was 
made, but since it was found to be less effective than the subcutaneous inoculation 
it was discontinued. Each animal received the growth from one blood agar slant 
suspended in 1 cc. of saline solution. 
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Erythrocyte and platelet counts were made daily with frequent total and occa- 
sional differential leukocyte counts for each animal. The handling of tissues and 
the technic of enumerating megakaryocytes in sections of bone marrow were 
described in part 2. 


RESULTS 


This infection produced the highest levels of platelets obtained in any 
of the experiments. The highest number of platelets attained was 
3,408,000, or an increase of 274.1 per cent; the lowest, in rabbit no. 26, 
was 1,680,000, or an increase of 51.1 per cent; the average increase for 
the group was 160.3 per cent. Megakaryocytes showed an average total 
of 333.4 per hundred visual fields, or an increase of 39 per cent above 
the normal average total, although in two of five animals the totals fell 
within normal limits. The distribution among the three types was 
extremely variable as reference to table 4 will show, but with a tendency 
to reduction in the number of lymphoid forms and a striking increase 
in the number of degenerating forms. There was also a marked in- 
crease in “phagocytic” forms, namely, to 39.6 (from an average normal 
of 4.4) and in Wright’s figures to 14.8 (from 4.1). Reference to the 
table will show that rabbit 26 varied markedly from the others in this 
group. The animal showed at autopsy a pneumococcal pleuritis and 
pericarditis complicating the usual pathologic picture found in this in- 
fection. The significance of this mixed infection as a possible cause of 
the unusual picture of the bone marrow will be discussed. 

The general picture of the bone marrow in all five of these animals 
was that of a high grade of myeloid activity. Grossly in all cases the 
red marrow extended downward in the tibia entirely or nearly to its 
lower end, and in two cases the marrow was softer and more friable 
than normal (26 and 27). Microscopic sections showed a great reduc- 
tion in the size and number of the fat vacuoles. Myelopoiesis was 
active, pseudo-eosinophil myelocytes and metamyelocytes predominating. 


SUMMARY AND COMMENT 


The experiments in which B. thrombocytogenes was used as the 
agent to induce thrombocytosis showed the same results as were obtained 
from the use of ultraviolet light, but more striking. First, the total 
number of megakaryocytes reached higher levels than any previously 
obtained. Although in this group, as in the ultraviolet group, the total 
number of megakaryocytes in two animals lay within normal limits, the 
average increase was 39.1 per cent, as compared with 18.8 per cent in 
the ultraviolet group. Second, the number of Wright’s figures was 
invariably higher than normal and showed an average increase of 261 
per cent, as compared with one of 132 per cent in the ultraviolet group. 
Third, there was a most striking and peculiar change in the form of 
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the megakaryocytes. The number of lymphoid forms showed a de- 
crease of 27.5 per cent, as compared with a decrease of 33.6 per cent in 
the ultraviolet group; the number of mature forms showed a decrease 
of 5.6 per cent, as compared with an increase of 30.4 per cent, while 
the number of degenerating forms received a tremendous augmentation 
of 494 per cent and that of phagocytic forms, of 1,141 per cent, as com- 
pared with 39.6 per cent and 302 per cent, respectively. The shift in 
forms was not, therefore, to mature forms, but beyond them, in the 
megakaryocyte cycle, to degenerating forms; there was, also, a con- 
spicuous increase in the phenomenon of phagocytosis. 

Two other significant changes in the form of megakaryocytes were 
observed. The first of these was an increase in the number of “naked 
nuclei.” In the ultraviolet group of animals separate counts of naked 
nuclei were not made; these were included with degenerating mega- 
karyocytes, because they practically always showed pyknosis or chro- 
matolysis. It became apparent, however, that in the marrows in which 
degenerative forms were most abundant, “naked nuclei” were so 
numerous as to deserve special enumeration. Accordingly, they were 
counted differentially in two animals; rabbit 21 had 67 and rabbit 26 
had 99 per hundred visual fields. Careful scrutiny revealed that many 
of the apparently “naked nuclei” still showed evidence of active forma- 
tion of platelets in the form of a very narrow rim of cytoplasm from 
which small processes or occasionally long, finger-like, branching pseu- 
dopods with grouped granules (“Perlenketten”) extended out and were 
almost hidden among the adjacent cells. The other phenomenon was the 
occurrence of numerous fragments of megakaryocytic cytoplasm, rang- 
ing in size down to that of a platelet. This was much more noticeable 
in animals of the infected group than in those of the ultraviolet light 
group, especially in rabbits 21 and 26, in which degenerating forms of 
megakaryocytes also were most numerous. 

Other authors have suggested that “naked nuclei” or “nearly naked 
nuclei” and fragmenting cytoplasm are just as clear evidence of platelet- 
forming activity on the part of the megakaryocytes as are Wright’s 
figures. When marked degeneration of megakaryocytes occurs in con- 
junction with these two features, the three together may be regarded, 
I believe, as evidence of recent overactivity and present exhaustion of 
the megakaryocytes. 

The subject of “phagocytosis,” so much discussed, deserves special 
mention. Three theories to explain the inclusion of other cells in the 
cytoplasm of the megakaryocytes have been enumerated, namely, that 
of accidental inclusion, that of true phagocytosis and that of invasion. 
The possibility of accidental inclusion of a few cells of any type cannot 
be excluded. In the marrows of my experimental animals of both 
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groups megakaryocytes with included cells invariably showed degenera- 
tive changes of the nucleus or of the cytoplasm or of both, while the 
leukocytes were apparently normal. This strongly suggests that so- 
called “phagocytosis” is really the invasion of damaged megakaryocytes 
by leukocytes (granulocytes), especially since the phenomenon occurred 
most abundantly in animals of the group infected with B. thrombocy- 
togenes, in which degenerating forms were most numerous and in which 
damage to the marrow was evident. 

The probable mode of action of both experimental agents in causing 
thrombocytosis may now be suggested. The changes in form of the 
megakaryocytes observed in both groups of animals were similar in 
character ; the difference was merely one of degree. Both agents ap- 
parently accelerated maturation of the megakaryocyte, increasing its 
platelet-forming activity and ultimately damaging the megakaryocyte. 
These facts suggest that both agents acted as irritative, probably toxic, 
stimuli to the megakaryocytes. It seems probable, also, that the intro- 
duction of a still more toxic agent, as occurred in rabbit 26 when it con- 
tracted an accidental infection with pneumococcus, can hasten degenera- 
tion to the point of actual inhibition of platelet-forming activity. This 
animal showed, it will be recalled, an increase of only 51.1 per cent in 
platelets, and in the marrow practically no lymphoid or mature mega- 
karyocytes, but the greatest number of degenerating and “phagocytic” 
forms of any of the experimental animals and a relatively slight increase 
in Wright’s figures. It will be recalled at this point that Duke*® was 
able to produce stimulation of marrow and increase in platelets with 
small doses of toxic agents, and damage to megakaryocytes and decrease 
in platelets with large doses. It may seem remote to assume a similarity 
between the action on megakaryocytes of ultraviolet light and that of 
a toxin, whether introduced from without (diphtheria toxin, benzol) 
or produced within by B. thrombocytogenes. The only explanation at 
present possible is to postulate a toxic substance arising from damage 
to tissues as has been suggested by Dawbarn, Earlam and Evans ** and 
other workers. 

The more marked changes in the megakaryocytes and the coincident 
greater rise in platelets shown throughout by the infected group indicate 
that this agent is more effective than ultraviolet light. It was also 
observed in the larger series of animals treated with ultraviolet light, 
that the effect of this agent in raising the level of the platelets could 
not be ‘prolonged beyond six or seven days. It is possible that the 
thickening of the skin following the inflammatory reaction to ultra- 


53. Dawbarn, R. Y.; Earlam, F., and Evans, W. H.: J. Path. & Bact. 31:833, 
1928, 
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violet light may prevent penetration of the rays and so limit the effect 
of irradiation. Infection, on the other hand, is progressive; it con- 
tinues to stimulate the formation of platelets either until the animal 
recovers from the infection (as shown by animals not included in the 
present series) or until the megakaryocytes are exhausted. 

The hyperplasia of bone marrow occurring in these rabbits deserves 
discussion. The degree of general hyperplasia was correlated to a 
certain extent with the intensity and duration of action of the experi- 
mental agent, being less marked in the group treated with ultraviolet 
light and of high grade in the infected group. This fact alone shows 
that the agents used are not sufficiently selective to fulfil the require- 
ments of the “ideal agent.” The absence or moderate grade of hyper- 
plasia in the animals treated with ultraviolet light, however, indicates 
that this agent, at least, is selective to a fairly high degree. Possibly 
megakaryocytes are sensitive to stimuli which in greater concentration 
affect the other elements also. The second agent, being much more in- 
tense in its effects, not only caused greater changes in circulating 
platelets and in megakaryocytes, but also stimulated the other elements 
of the bone marrow to marked hyperplasia. 


CONCLUSIONS 


Increase in the number of circulating blood platelets produced by 
the use of ultraviolet light or by a specific bacterial infection is ac- 
companied by increase in the number of megakaryocytes and by in- 
creased evidence of the formation of platelets on the part of the 
megakaryocytes, namely, Wright’s figures, fragmentation of the cyto- 
plasm and the appearance of “naked nuclei.” 

The mode of action of the agents used is by direct stimulation of 
the bone marrow, as evidenced by the tendency of the megakaryocytes 
to accelerated maturation and by the general hyperplasia of bone marrow. 
The agents seem to be at first stimulating and subsequently toxic to the 
bone marrow. The megakaryocytes respond earlier and are affected 
more profoundly than the other elements of the marrow. 

The inclusion of other cells of the bone marrow within the cytoplasm 
of megakaryocytes has been observed. Whenever this feature is at all 
conspicuous, inclusion seems to be limited to the granulocytes, and the 
nuclei of the megakaryocytes show evidence of degeneration. For this 
reason, the phenomenon is regarded as an invasion of damaged mega- 
karyocytes by active granulocytes rather than as phagocytosis of other 
blood cells by megakaryocytes. 
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EXPERIMENTAL STUDIES ON THE RETICULO- 
ENDOTHELIAL SYSTEM 


V. THE INFLUENCE OF INDIA INK ON THE RATIO OF UREA 
IN THE BLOOD * 


M. A. GOLDZIEHER, M.D. 
AND 


I. SHERMAN, M.D. 
BROOKLYN 


The liver in uremia shows, as a rule, considerable edema, with the 
fluid accumulating mainly between the trabeculae of the hepatic cells 
and the wall of the capillary. In the course of this process, changes 
of the Kupffer cells are met with, such as swelling, desquamation and 
alteration in the chromatin structure of the nucleus. These changes 
observed at autopsy suggested a possible relationship of the Kupffer 
cells to the disturbance in nitrogen metabolism, which is looked on as 
the basic factor in the development of the uremic symptoms. This pos- 
sibility is the more probable as the liver is supposed to be the main seat 
of the formation of urea, and this substance, synthetized in the liver 
cells, reaches the circulating blood after having passed through the 
barrier of the Kupffer cells. 

These considerations led us to investigate the effect of a blockade 
of the Kupffer cells on the urea content of the blood. India ink was 
used as the blocking material, and the experiments were carried out on 
mice, rabbits and dogs. 


EXPERIMENTAL OBSERVATIONS 


The experiments on mice were made after determining the average 
urea content of the blood of the mouse after a fast of twenty-four 
hours. Determinations on ten mice showed variations of urea nitrogen 
from 9 to 15.4 mg. per hundred cubic centimeters of blood, the average 
being close to 14mg. After injection of 0.5 cc. of india ink, diluted ten 
times, into a vein of the tail of each mouse, amounts were obtained 
that varied from 19 mg. to 33 mg., with an average of 26.5 mg. The 
determination of urea nitrogen was made four hours after the injection 
of india ink. It is obvious that such a substantial rise could not have 
been due to retentioh of the nitrogenous products of cleavage. The 
period of four hours is certainly too short to account for any consider- 


able retention. Moreover, we carefully examined the kidneys of the ten 


* Submitted for publication, Jan. 24, 1931. 
* From the Department of Pathology, United Israel Zion Hospital. 
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mice and ascertained that the glomeruli showed no embolic obstruction 
or other impairment. 

In order to show that the rise in the blood urea after the injection 
of india ink was actually independent of renal function, we compared 
our observations with those obtained on mice poisoned with uranium 
nitrate. Seventy-two hours after the injection of uranium nitrate ten 
mice showed a rise in urea nitrogen, which varied in amounts from 20 
to 50 mg., the average being 35.2 mg. Our next step was to inject 
india ink into animals that had previously been poisoned with uranium 
nitrate. The amounts obtained four hours later showed a wide range 
of the level of urea nitrogen in the blood, the lowest being 22 mg. and 
the highest 102 mg., with an average of 50 mg. 


Urea Nitrogen Content of the Blood Before and After Injection of India Ink 
and Uranium Nitrate 








After Injection of 
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All these experiments were made with small quantities of blood. 
In order to eliminate possible errors inherent in such procedures, we 
repeated the experiments on a series of rabbits. Our procedure was 
as follows: 


The animals were made to fast for twenty-four hours. A sample of blood 
was taken to determine the normal rates of urea nitrogen, creatinine and non- 
protein nitrogen; 5 cc. of a 1 per cent solution of uranium nitrate was injected 
subcutaneously into six animals; the animals were fed lettuce; twenty-four hours 
later blood was taken, and 5 cc. of india ink twice diluted was injected intrave- 
nously; four hours later a third sample of blood was taken. The results obtained 
in this series were compared with those obtained in a second series of six rabbits 
into which india ink was first injected and then uranium nitrate. Three samples 
of blood were also taken in this series: one before the injection of india ink, one 
four hours later and one twenty-four hours after the injection of uranium nitrate. 


The results of these experiments can be read in the table. Injection 
of india ink into the rabbits was followed by a rise in urea nitrogen 
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from a normal level of 15 mg. to 22.2 mg. Both figures represent the 
averages of six determinations. Changes in the creatinine and total non- 
protein nitrogen ratios were commensurate. When the injection of india 
ink was followed by the administration of uranium nitrate, a second 
considerable rise in the blood urea occurred, the figures varying from 
34 to 92, with an average of 57. 

In the reverse experiment in which the kidneys were damaged first, 
with a subsequent injection of india ink, the nitrogenous products in 
the blood reached somewhat lower figures. They varied between 35 and 
60. Yet the injection of india ink in each case was followed within 
four hours by a new rise of the urea, considerably in excess of that 
produced by renal impairment alone. 

We checked these experiments on dogs also, using four animals in 
these procedures. Incidentally, two of the animals had previously 
been splenectomized for some other purpose. We were somewhat sur- 
prised to see that the results obtained in the splenoctomized dogs were 
different from those in the other two. Injection of india ink into the 
normal dogs produced a rise of the blood urea nitrogen from 20 to 
24 mg. and from 21.5 to 26.5 mg., respectively. A second determination 
twenty-four hours later showed that the blood urea had returned to its 
original level. In the two splenectomized dogs the urea nitrogen was 20 
mg. before the injection of india ink; four hours later, it was only 16 
and 18 mg., respectively, while after twenty-four hours it dropped in both 
animals to as low as 12 mg. 


COMMENT 


Our experiments showed that injection of india ink into various 
laboratory animals elicits a temporary rise in the blood urea nitrogen, 
which disappears after twenty-four hours, at least in the dog. The rise 
is not due to impaired renal excretion, as was shown by the unaltered 
structure of the kidneys. This is also borne out by the observation that 
india ink injected into animals previously poisoned with uranium 
nitrate elicited a further rise. On the other hand, the highest ratio 
of blood urea in animals treated by injection of india ink could be still 
further augmented if the kidneys were impaired by poisoning with 
uranium nitrate. 

Experiments by Rothmann and Sylla* also showed a rise of the 
nonprotein nitrogen of the blood after injection of india ink. Their 
results, however, are not quite comparable, because these authors 
injected the ink into the renal artery after removing the other kidney. 
The kidney receiving the injection, when examined from two to three 
days later, showed granules of ink in the glomerular capillaries and 


1. Rothmann and Sylla: Ztschr. f. exper. Med. 69:356, 1930. 
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lesions of both glomeruli and tubular parenchyma. Rothmann and Sylla 
concluded, therefore, that the rise in nonprotein nitrogen observed in the 
blood after from two to three days was due to impairment of renal 
function. 

We do not deny that lesions of the kidneys and subsequent retention 
of nitrogen can be produced by injection of ink into the renal artery. 
But we wish to emphasize the fact that no renal lesions are obtained 
if ink is given intravenously, as in our experiments. It is regrettable, 
moreover, that Rothmann and Sylla did not mention whether they 
examined the liver and spleen of their experimental animals. In our 
experience with injection of colloidal suspensions, we found that 
apparently not all of the material injected intra-arterially is filtered 
off by the capillaries. A fairly large amount passes through the capillaries 
and becomes electively stored in the reticulo-endothelial cells. Thus the 
results of Rothmann and Sylla seem to be derived from two widely 
' different sources: from renal impairment and from interference with 
the reticulo-endothelial system. 

If renal retention does not account for the rise in blood urea in our 
experiments, it seems logical to assume an excessive liberation of urea 
into the blood. This assumption at first seems inconsistent with the 
general belief that urea is manufactured by the hepatic cells, and there 
is no morphologic evidence to show that india ink is taken up by these 
cells; nor can we demonstrate any other direct interference of the ink 
with the parenchyma of the liver. The granules of ink are abundantly 
stored in the Kupffer cells, and it would seem that such storage may 
have certain effects on the function of these cells. On this basis we could 
attempt to explain the increase in blood urea by the assumption that 
the urea produced by the hepatic cells permeates more easily into the 
circulation if the Kupffer cells are incapacitated. This explanation, 
however, is far from satisfactory and is strangely contradicted by our 
observation on splenectomized dogs, in which india ink did not give 
rise to an increase of blood urea. This observation would rather sug- 
gest an increased function of the Kupffer cells and other biologically 
related elements, such as the splenic pulp. In the absence of the spleen 
a diminished response could be expected. 

A report of experiments recently published by Buengeler * seem to 
shed considerable light on the nature of the metabolic changes discussed 
in this paper. Using the method of Warburg, Buengeler studied the gas 
exchange, glycolysis and production of lactic acid on surviving tissues. 
The tissues examined, however, were obtained from animals that pre- 
viously had been given intravenous injections of india ink or of other 


2. Buengeler: Frankfurt. Ztschr. f. Path. 39:426, 1930. 
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colloidal suspensions. He observed a remarkable increase in the con- 
sumption of oxygen which, as parallel histologic examinations showed, 
was simultaneous with progressive phagocytosis of the granules of ink 
by the Kupffer cells of the liver or by the reticulum cells of the spleen. 
Buengeler interpreted his results as indicative of an activation of the 
reticulo-endothelial cells due to stimulation by the foreign material intro- 
duced into the circulation. Such activation of the cells also suggests 
other metabolic processes, besides the increased consumption of oxygen, 
which are most likely to yield nitrogenous products through cleavage. 
It seems logical to connect the increase of urea in the blood after the 
injection of ink with Buengeler’s endothelial activation, particularly 
with enhanced function of the Kupffer cells and possibly of other 
reticulo-endothelial elements. In view of these observations it would 
seem to be indicated that in the future distinction must be made between 
an increase of blood urea due to urinary retention and that which is 
caused by increased activity of the mesenchymal cells. 

Recent investigation by Fischer and Frommel* on experimental 
tuberculosis points in the same direction. These authors observed a rise 
in the consumption of oxygen of as much as 50 per cent during the 
period of incubation, while no rise in temperature was noted. These 
experiments confirmed previous clinical observations in afebrile tuber- 
culosis (Grafe*), subacute bacterial endocarditis (Gessler®), the 
prodromal stage of measles or of varicella (Birk*) and the incubation 
stage of therapeutic malaria (Strieck and Wilson,’ Bahn and Lang- 
hans*). In all these conditions the increased consumption of oxygen 
was independent of any rise in temperature. Grafe suggested an irrita- 
tion of cerebral centers as a possible cause of the metabolic processes 
expressed by the rise in consumption of oxygen. In our opinion, how- 
ever, it is more logical to explain the sudden increase of metabolic 
activities by an increased function of the reticulo-endothelial system, 
which is known to play the leading role in the processes of defense 
against infections. It was shown in previous papers® that the early 
stage of infection is characterized by changes of the reticulo-endothelial 
cells, which were interpreted as evidence of activation and increased 
function of the cells. The observations on the changes in metabolism 


. Fischer and Frommel: Ztschr. f. exper. Med. 74:646, 1930. 

. Grafe: Miinchen. med. Wchnschr. 67:1081, 1920. 

. Gessler: Deutsches Arch. f. klin. Med. 144:188, 1924. 

. Birk, quoted by Strieck and Wilson (footnote 7). 

. Strieck and Wilson: Deutsches Arch. f. klin. Med. 157:202, 1927. 

. Bahn and Langhans: Deutsches Arch. f. klin. Med. 161:181, 1928. 

. Goldzieher: The Structure of Infectious Splenic Swelling, Arch. Path. 
3:42, 1927. Goldzieher and Peck: Experimental Studies on the Reticulo-Endo- 
thelial System: I. Response to Infection, Arch. Path. 3:629, 1927. 


SOND UW & WwW 





GOLDZIEHER-SHERMAN—RETICULO-ENDOTHELIAL SYSTEM 185 


during the period of incubation impress us as additional evidence that 
any stimulation of the reticulo-endothelial system elicits reactive changes 
that are amenable to morphologic, serologic or biochemical demonstra- 
tion. In our experiments with the injection of india ink this reaction 
became apparent by the increase of the nitrogenous products of cleavage 
in the blood. 

SUMMARY 


The urea nitrogen of the blood was studied in mice, rabbits and 
dogs following injection of india ink. Such injection elicited a rise of 
urea nitrogen, which could not be attributed to renal retention. An 
additional rise was produced by india ink when this was injected into 
animals the kidneys of which had previously been damaged by the 
administration of uranium nitrate. No rise was obtained if the india 
ink was injected into splenectomized dogs. 

The rise in the blood urea after the injection of india ink is inter- 
preted as the result of increased activity on the part of the reticulo- 
endothelial system. 








EXPERIMENTAL PATHOLOGY OF THE LIVER 
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Since on the surgical removal of from 65 to 75 per cent of the hepatic 
parenchyma compensatory hyperplasia of the remaining lobes follows 
so rapidly, the questions arise (1) whether a liver so quickly restored 
performs the usual hepatic functions in a manner to make it comparable - 
to a normal liver, (2) whether the glycogenic function and the 
bile-secreting function are as effective in the new parenchyma and 
(3) whether the defense mechanism, or its detoxifying activity, is any 
less effective in a recently restored liver than in a normal one. These 
questions, as well as many others, must be answered before knowledge 
of the liver is complete. Before physiologic or pathologic studies of 
this sort are possible, complete data must be available concerning such 
pertinent facts as: (1) when restoration begins following partial 
removal, (2) when it is most active, and (3) when it is complete, or 
when the normal ratio of the weight of the liver to the weight of the 
body is restored. 

Although science has known for many years that rapid recovery 
follows either extensive chemical injury or partial surgical removal, so 
far as we know, no statistical approach has ever been made toward 
the solution of the factors in restoration. Such statistical data as 
concern (1) the ratio of the weight of the liver to the weight of the 
body during the period of restoration, (2) the rate of restoration and 
(3) the ratio of the weight of dry liver to the weight of moist liver at 
frequent intervals during the period of restoration have never been 
compiled. 

In biologic studies of this sort, in which the variable factor, such 
as the weight of the liver in relation to the weight of the body, varies 
considerably in each animal, irregularities in the analysis of the data 
are unavoidable. Since the weight of the hepatic parenchyma in animals 
of comparable size may vary as much as 2 or 3 Gm., precision in the 


* Submitted for publication, Jan. 20, 1931. 
*From the Division of Experimental Surgery and Pathology, the Mayo 
Foundation. 
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evaluation of such data as we have attempted to assemble can only be 
approached through the application of the statistical method. The exact 
technic of the chemist is not available for a study of this sort, and thus 
in order to avoid misinterpretation and unwarranted conclusions we 
have used a large number of animals and applied the statistical method. 

A brief comment on terminology may not be out of place. Ever 
since the early recognition by Cruveilhier and Andral that the liver 
rapidly recovers from injury, the term “regeneration” has been employed 
to describe the process. The large bulk of experimental work which 
forms the basis for the present knowledge of the factors and the rates 
of regeneration of somatic tissue has been performed on invertebrate 
and lower vertebrate forms of life. In extensive experiments Roux, 
Driesch, Morgan, Child and Zeleny and many others have considered 
in detail the reaction of the organism to such injuries as the removal 
of.a limb, a cranial appendage or a caudal appendage, or the removal 
of parts of a developing embryo in either the morula or the blastula 
stage. Under these conditions a reaction at the level of injury ensues 
and a new limb or a new tail @evelops. Various terms, such as “replace- 
ment of lost parts,” “restitution” or “reparation,” have been employed 
to designate the reaction of the organism, but the term “regeneration,” 
according to Morgan, more accurately describes these processes. In 
such cases of regeneration active proliferation of cells invariably pre- 
cedes differentiation. New tissues develop at the level of the injury, 
and after a period of active proliferation a new limb with its component 
parts is differentiated. 

In the case of the mammalian liver one is dealing with a response 
in growth considerably different from that which ensues on the removal 
of the tadpole’s tail. Following partial removal of the liver, a prolifera- 
tion of cells does not ensue at the level of the cut; new lobes do not 
develop to take the place of those removed. There is, on the other hand, 
hyperplasia of the remaining lobes. There are no centers of cell prolif- 
eration, but generalized mitotic activity, coupled with cellular migration 
and differentiation, results in the formation of new lobules, and the 
preoperative weight of the liver is thus rapidly restored. Regeneration, 
as employed biologically, would involve, it seems to us, the replacement 
of a removed part, with rearrangement or reorganization of the old 
part. The term could well be applied to the recovery of a hepatic lobule 
from chemical injury as, for example, chloroform or carbon tetra- 
chloride poisoning, in which there is not only reorganization of portions 
of the old lobule, but new cellular proliferation as well. 

Accordingly, we have used the term “restoration” in this study of 
the mammalian liver in order that we might distinguish the reaction 
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following partial surgical removal from that which ensues on chemical 
injury. 

An extensive bibliography on regeneration of the liver was pub- 
lished by Fishback? in 1929. We have not, therefore, attempted to 
review the literature in this report. 


METHOD OF STUDY 


Rats were selected for this study not oniy because of their availability in suffi- 
cient numbers to warrant extensive use, but because they withstand surgical 
procedures, and because postoperative mortality among them is usually low. Their 
natural resistance to infections makes them desirable surgical risks. 
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Fig. 1.—Distribution of the control group of animals in regard to weights of 
liver plotted against weights of body. 


Prior to the surgical removal of a portion of the rat’s liver preliminary to a 
study of restoration we wished to determine the mean weight of the liver and the 
ratio of its weight to the weight of the body, within our experimental group. 
Accordingly, fifty rats, ranging in weight from 90 to 275 Gm., were killed by 
exsanguination, and the weights of their livers were plotted against the weights of 
their bodies. Within the limits of weights of body of approximately 125 and 
225 Gm. weights of the liver grouped themselves into a relatively linear distribu- 
tion (fig. 1). If animals weighed less than 125 Gm., the weights of the liver were 


1. Fishback, F. C.: Arch. Path. 7:955, 1929. 
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relatively higher; whereas if they weighed more than 225 Gm., there was a 
tendency for the weights of the liver to be relatively lower. Accordingly, through- 
out our entire study we restricted our observations to animals ranging in weight 
from 125 to 225 Gm. and determined the figure 0.0358 as being the percentage of 
the weight of the liver in relation to the weight of the body. This is considerably 
lower than the percentages listed in the tables from the Wistar Institute,? and 
somewhat lower than those listed by Jackson® in 1913 and by Rous and 
McMaster * in 1924. We are unable to explain this discrepancy, but believe it to 
be correlated with diet or perhaps with the strain of the rats of our colony. 


. 
TECHNIC OF PARTIAL REMOVAL 


The liver of the rat is a firm, dark red organ and according to Hunt ® is com- 
posed of four main lobes. The median lobe is cleft by a longitudinal fissure, which 
divides it into a right central and left central lobe. The right central lobe is 
flanked by the right lateral lobe, which is cleft transversely by a fissure dividing it 
into two smaller lobes, the posterior one of which caps the anterior pole of the 
right kidney. The left lateral lobe is a large lobe and lies immediately behind the 
left central lobe. The caudate lobe is likewise cleft by a transverse fissure and 
comprises thereby two smaller lobes which lie within the curvature of the stomach 
and the lesser omentum. Anatomically, the median lobe, with its two central por- 
tions, together with the left laf®ral lobe, forms somewhat of a unit which lends 
itself well to surgical removal. 

All operations were carried out with the animals under ether anesthesia, and 
careful asepsis was maintained throughout. Through a median-line incision reach- 
ing 3 or 4 cm. posteriorly from the xiphoid process of the sternum the large 
median lobe of the liver, with the left lateral lobe, was easily delivered, securely 
ligated by coarse linen and. then excised. In this way portions of the hepatic 
parenchyma ranging in extent from 65 to 75 per cent of the total liver were 
removed, leaving within the peritoneum the right lateral lobe and the small caudate, 
or spigelian, lobe. The abdomen was closed with two layers, one suture of linen 
being used; the peritoneum and the abdominal muscles were closed in the first 
layer and the integument in the second. There was no special postoperative care, 
except that in place of water the animals had access to a 20 per cent solution of 
dextrose for the first day, after which the normal diet and water were provided. 
The full diet consisted of known quantities of yellow corn meal, linseed oil meal, 
crude casein, alfalfa meal, powdered skim milk and salts. 

Immediate postoperative complications were not common, and yet, owing 
essentially to lesions of the lung, which one often encounters in laboratory rats, 
about 25 per cent of the 220 hepatectomized animals that form the basis for this 
report died. Figure 2 represents the distribution in regard to weight of body 
and actual amount of hepatic parenchyma removed of the 104 animals that sur- 
vived and constituted the experimental series for data on the weight of the moist 
liver during restoration. The mean weight of the experimental series was 174.9 


2. Donaldson, H. H.: The Rat: Data and Reference Tables for the Albino 
Rat (Mus Norvegicus Albinus), Philadelphia, Wistar Institute, 1924. 

3. Jackson, C. M.: Am. J. Anat. 15:1, 1913. 

4. Rous, Peyton; and McMaster, P. D.: J. Exper. Med. 39:425, 1924. 

5. Hunt, H. R.: A Laboratory Manual of the Anatomy of the Rat, New 
York, The Macmillan Company, 1924. 
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+ 1.72 Gm., and since the mean weight of the control group from which we 
derived our mean ratio of weight of liver to weight of body was 181.6 + 3.6 Gm., 
a difference of only 6.7 + 3.9 Gm., we felt reasonably sure that we were dealing 
with a comparable group of animals and that our data would be reasonably 
accurate. The mean amount of liver removed from the entire group that survived 
and formed the basis for the computation was 4.43 + 0.047 Gm. Since the mean 
preoperative weight of the liver of the experimental group was computed at 
6.27 Gm., we had removed on the average 70.6 per cent of the entire liver. A 
few animals were killed at frequent intervals during the first eighteen hours after 
operation for a study of cytologic changes in the residual lobes; others were killed 
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Fig. 2.—Distribution of the experimental group of animals in regard to the 
weights of liver removed at partial hepatectomy, plotted against weights of body. 


at longer intervals during the entire period of restoration for determinations of 
the weight of the liver and the weight of the body, as well as for cytologic data. 
Experimental animals were killed by exsanguination at each of the following inter- 
vals after partial removal of the liver, up to four weeks, when restoration was 
considered as essentially complete: from sixteen to twenty-four hours, from 
twenty-four to forty-eight hours, from forty-eight to seventy-two hours, from 
ninety-six hours to seven days, from seven to fourteen days, from fourteen to 
twenty-one days and from twenty-one to twenty-eight days. 

Although the weight of the liver in our control group was found to be 0.0358 
of the weight of the body, it was nevertheless desirable to obtain a linear equation 
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which would best describe one variable in terms of the other; that is, weight of 
the liver in terms of weight of the body. Accordingly, for all animals of the 
experimental series, an equation expressing weight of the liver in terms of the 
variable weight of the body was computed from a knowledge of means, standard 
deviations and correlation coefficients. The linear equation computed on the 
basis of the data assembled from thirty animals of the control series was deter- 
mined as shown in footnote ® and as shown graphically in figure 1. 

Comparable data were assembled for the entire series of 104 animals. Pre- 
operative weight of body and weight of liver, the amount of hepatic parenchyma 
removed at operation, the postoperative weight of body and liver and the net 
increase in amount of hepatic parenchyma for a given period were all determined, 
with their probable errors. The data on moist weight of liver assembled during 
the period of restoration for the 104 animals have been condensed in table 1. 


6. # equals weight of body; y equals weight of liver; number of animals, 30. 
SH-*  — 181.6133 





vlx (mean) = 


30 
1,014,902.63 
v2ax = 


0 = 33,830.087 


u2x = v2x — (vix)2 = 851.52 
5, (standard deviation of x) = V usx or 29.18 
195.16 





viy (mean) =——- = 6.505 
Vay = 806-2788 — 43.54248 


Usy == Vay + (vly)* = 1.2274 ti 
5, (standard deviation of y) = V wry or 1.1078 


vxy = 36033 .906 — 121.096 


30 
Uxy = Vxy — (viz) (viy) = 1201.096 — 1180.460 = 20.636 
rxy (correlation coefficient) = = = se = 0.6383 


(oy) 
ox 


y — 6.505 = 0,6383 42% (x — 181.61) = 0.02423 (x — 181.61) 
= 0.02423. — 4.400 
y = 0.02423, + 2.105 
or y = 0.024, 4- 2.1 — working formula 
The standard deviation of the weight of the liver about this regression line was 
computed by the formula 
8,.2£ = V4,2(1-rsy2) in which r is the correlation coefficient 
= V (1.1078)? (1-0.6387) 
= 0.8528 or the standard deviation of the weight of the liver. 
The probable error of the mean weight of the liver is equivalent to 
0.6745 2-8528 
Vn-l 
Accordingly, the preoperative mean weight of the liver for each group of animals 


was computed on the basis of the formula y = 0.024 x + 2.1 + — in which 





Formula: y — mean y = ry x — mean x 








# equals weight of body and y equals weight of liver. For illustration, in the first 
group of fourteen animals in the experimental series, killed from sixteen to 
twenty-four hours after surgical removal of the liver, the mean weight of the liver 
was computed as follows: Mean weight of body was 174.5 + 5.36 Gm. Mean 


weight of liver was 0.024 & 1745+ 21+ = 6.288 + 0.1595. The actual 


weights of the hepatic parenchyma removed surgically were determined; the 
mean weight of the liver removed, with its probable error, was 4.19 + 0.1242 Gm. 
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Besides the series of animals the data on which are compiled in table 1, a 
second series of animals consisting of sixty-nine rats was used to determine the 
weight of the dry liver during restoration. The animals were killed by exsan- 
guination and after taking the weights of the moist livers the livers were 
weighed after three weeks of thorough desiccation in an incubator at from 98 to 
100 C. Computation of weights of both the moist and the dry livers of a control 
group, within the limits of body weight of 125 and 225 Gm., showed that in our 
control group with a mean weight of the body of 177.1 + 7.870 Gm., the weight 
of dry liver was 28.7 per cent of the weight of moist liver and 1.042 per cent 
of the weight of the body. 


In this series, as in the other, the preoperative weight of liver was determined 

by the formula y= 0.024 & + 2.1 a 
n- 

y the weight of the liver and n the number of animals used. The preoperative 
weight of dry liver was then computed on the basis of the control observation that 
the weight of dry liver is 28.7 per cent of the weight of moist liver. The percen- 
tage of the preoperative weight of dry liver in relation to the weight of the body 
was thus determined for all experimental animals in this series, as well as that of 
the weight of the residual dry hepatic parenchyma remaining in the peritoneum 
after operation. The postoperative weight of the body and weight of the dry liver 
with their probable errors were computed during the period of restoration at the 
intervals noted and the increase of weight of dry liver, in grams, was determined. 
The data assembled from the experimental series on the weight of dry liver during 
restoration have been condensed in table 2. 


in which x is the weight of the body, 


EXPERIMENTAL OBSERVATIONS 


The rats ordinarily withstood operation exceedingly well, and sur- 
gical mortality was low. Postoperative mortality, however, was higher, 
owing essentially to the pulmonary complications so often encountered 
in these animals ; mortality rates as high as 25 per cent occurred. There 
were no indications that any of the normal physiologic processes were 
disturbed, except for temporary loss of weight. Occasional gross indi- 
cations of anemia were manifest, but blood counts taken on a number 
of rats during the period of restoration did not reveal variation other 
than would be encountered in the normal rhythm. Loss of weight 
of varying duration always accompanied partial hepatectomy. That 
this loss was not due to hepatectomy alone was concluded from an 
experiment, the graph of which is shown in figure 3. Three series of 


The difference between the mean weight of the liver prior to operation and the mean 
weight of the liver removed at operation constituted the mean weight of the 
remnant of hepatic parenchyma remaining within the body; this was found to 
be 2.098 + 0.2021 Gm., in which the probable error of the difference was deter- 
mined by the square root of the sum of the probable errors of the original mean 
weight of the liver and of that of the actual parenchyma removed. When the 
animals were killed for data on restoration, the actual weights of the liver at 
death were taken, and the mean with its probable error was determined. The 
difference between the mean weight of the remnant of the liver at operation and the 
mean weight of the liver at death constituted the actual increase during restora- 
tion; this was 0.752 + 0.2290 Gm., in which the probable error of the difference 
was computed as indicated. 
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rats of comparable ages and weights, including a normal group not 
subjected to operation, a group in which simple laparotomy was per- 
formed, and a group consisting of sixteen partially hepatectomized 
animals, were maintained on identical diets and weighed daily for thirty 
days. Daily fluctuations were encountered in the group not operated 
on, but a moderate increase in weight took place during the period of 
observation. In both the series subjected to simple laparotomy and 
the series partially hepatectomized a loss of weight involving from 
12 to 15 per cent of the original weight was encountered during the 
first ten days following operation. Return to normal weight was 
slightly more rapid if laparotomy was performed than if hepatectomy 
was done, and at the end of thirty days, the period selected as ordi- 
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Fig. 3.—Body weights for twenty-eight days in (a) normal series, not operated 
on, (b) normal series subjected to laparotomy and (c) partially hepatectomized 
series. 
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narily required for complete hepatic restoration, both series had prac- 
tically returned to their preoperative level. Consequently the loss of 
weight sustained in our entire experimental series was probably corre- 
lated more with operative procedure than with hepatic insufficiency. 
Anesthesia in itself bore no relation to loss of weight of the body. 

Figure 4 shows isolated stages in the restoration of the liver at 
intervals, and figure 5 indicates graphically the percentage of removal 
in our entire experimental group together with the percentages of 
restored hepatic parenchyma which we encountered, at the intervals 
noted, during the entire period. 

It is clear from a study of the data, in tables 1 and 2, on the 
weights of moist and dry liver during the period of restoration, and 
from the graph of the increase in weight of the liver in each 100 Gm. 








HIGGINS-ANDERSON—PATHOLOGY OF LIVER 195 





Two weeks Three weeks 


Fig. 4.—Liver of the normal rat at operation and at weekly intervals during 








restoration. 
At operation 16-24 hours 24-48 hours 48-72 hours 
4-7 days T-14 days 4-21 days 21-28 days 


Restoration of the liver following partial hepatectomy 


Fig. 5.—Percentage of liver removed at operation in relation to total weight 
of liver and percentages of restored weights of liver at intervals during restora- 
tion. 
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of body weight during the period, that recovery from partial removal 
does not take place by uninterrupted continuous growth (fig. 6). The 
growth rather is cyclic, and thus comparable to many other biologic 
phenomena. 

The initial response by the hepatic remnant was slight hypertrophy 
of both cytoplasmic bodies and nuclei. Mitosis began during the latter 
part of the first day, but division of cells was not active until the 
second and third days, when the most active increase in the liver, for 
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Fig. 6.—Increase (grams) in weight of moist liver, weight of fluid and weight 
of dry liver during restoration. 


each 100 Gm. of body weight, took place. With the increase in actual 
dry parenchyma the fluid intake was most marked during the second 
and third days, so that the percentage of the daily increment for this 
period reached 136. During the fourth, fifth and sixth days the 
increase in parenchyma fell, and the fluid intake was appreciably less, 
so that the percentage of the increment reached as low as 2. Following 
this period of relative inactivity a second, but less marked, period of 
growth occurred, during the second week, when the percentage of the 
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daily increment was computed at 8. A period of lesser activity followed 
the second wave, so that the daily percentage of the increment during 
the latter part of the period of restoration fell as low as 1. Figure 7 
shows the percentage of restored weight of liver in relation to weight 
of body at intervals during the entire period, and it is clear that as 
far as the ratio of weight of the liver to weight of the body is con- 
cerned, restoration is essentially complete by the tenth day. The ratio 
of weight of dry liver to weight of body (0.0103) and the ratio 
of weight of moist liver to the weight of body (0.0358) were obtained 
at that time. But since weight of the body was considerably below 
the preoperative level during the period from the tenth to the fourteenth 
days, restoration could not be said to be complete as soon as the normal 
preoperative ratios had been regained. 
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Fig. 7.—Percentages of weight of dry liver and weight of moist liver in 
relation to weight of body during restoration. 


Following partial removal there is a rapid rise in the percentage curve 
of dry weights in relation to moist weights, reaching the peak of 34.1 
at the end of the first day. This is considerably higher than the normal 
ratio of 28.7, and is probably due to two factors: a certain increase in 
actual parenchyma and loss of water pursuant to operation. Increase 
of fluid was noted at the end of the first day; it was greater than 
the increase of parenchyma and the percentage dropped to 27.3 by 
the sixth day. The rapid increase in hepatic parenchyma which occurred 
between the sixth and the tenth days again raised the percentage to 
31.7; and then, owing again to increase of fluid, the percentage of 
dry weight in relation to moist weight was reduced to a figure below 
that accepted as the normal. 
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Thus the rate of restoration, although somewhat retarded during 
the first day, reached its peak during the third day, when the average 
daily increase of the liver for each 100 Gm. of body weight was 
approximately 1 Gm. This rapid rate was followed by a decline in 
acceleration, when daily increases as low as 0.4 Gm. for each 100 Gm. 
of body weight were recorded. A brief positive acceleration in the 
rate soon followed, reaching only 0.15 Gm. a day; the rate then gradu- 
ally dropped, so that during the concluding days of the period of 
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Fig. 8—Graph of the rate of restoration of the liver, for each 100 Gm. of 
weight of body during restoration. 


observation a rate of restoration of only 0.03 Gm. of hepatic paren- 
chyma for each 100 Gm. of body weight was recorded (fig. 8). 


COMMENT 


The data in table 1 indicate that there was considerable uniformity 
in the weights of the bodies and in the weights of the livers of the 
control animals and of the animals killed at stated intervals during 
the period of restoration. Furthermore, in so large a series of cases 
of partial hepatectomy it is of interest to note the constant amount 
of hepatic parenchyma removed from animals of these seven groups, 


as indicated in the sixth column of table 1. In some cases, as in 


group 7, in which the mean weight of the body and the mean weight 
of the liver were lower than in certain others, an amount of parenchyma 
was removed equal to or greater than that taken from animals with 


larger livers. In those groups a smaller hepatic remnant formed the 
basis for the ensuing restoration. 
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The onset of restoration occurred during the latter part of the 
first twenty-four hours after operation. Mitotic figures were encoun- 
tered, although they were not abundant—and yet an actual mean paren- 
chymal increase of 0.752 Gm. occurred in the group of fourteen animals 
—during the first twenty-four hours. There was a certain amount 
of nuclear and cytoplasmic hypertrophy during this early period, which 
with the slight mitotic activity no doubt accounts for the increment. 
On the basis of body weight, the increment of moist liver was 0.458 
Gm. for each 100 Gm., whereas 0.304 Gm. was the corresponding 
increase of dry parenchyma. Of the moist increment during this 
early period, tissue fluids constituted only 33 per cent, a figure con- 
siderably lower than the normal fluid content (71.3 per cent) and 
indicating strikingly a marked decrease in the water balance following 
partial hepatectomy. 

During the second day, following partial removal, although a 60 
per cent increase in moist parenchyma was recorded, this was found 
to be mainly fluid, for a slight decrease in dry parenchyma for each 
100 Gm. of body weight was encountered. During the third day the 
percentage of the increment reached the highest level attained during 
the entire period of restoration, 136 per cent of the total restored liver 
at the end of the second day. The percentage of the dry increment 
was 61, and the fluid content was more nearly that of normal liver. 

Following this rapid increase in the rate of restoration and in 
the amount of restored liver there was marked cessation in hepatic 
activity. The total restored weight of dry liver for each 100 Gm. 
of body weight during the period from the fourth to the seventh days 
was less than that recorded at the end of the third day, owing essentially 
to an increase in body weight. The percentage of the restored weight 
of liver in relation to weight of body during this period, however, 
was 0.03072, a figure considerably higher than that at the end of the 
third day, indicating that the ratio was fast approaching the figure 
accepted as the normal for our experimental group. 

During the second week, a second impetus to restoration occurred, 
so that a percentage of weight of liver in relation to weight of body 
of 0.03523 was recorded. This was essentially the ratio that we 
accepted for our control series, and since the actual dry parenchyma 
was essentially comparable in weight with that of a normal rat of 
corresponding size one may say that restoration was complete at this 
time. Although there were frequent fluctuations in the weight of the 
liver during the latter part of the four weeks of observation, the changes 
were due to the intake of fluid rather than to hyperplasia. In fact, 
the greatest increase of dry parenchyma was attained during the second 
week after removal, and the ratio of dry weight of parenchyma to 
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body weight was 1.048, a figure somewhat higher than that accepted 
for our control group. The moist weights, it will be noticed, continued 
to show an increase after the second week. Although the normal ratio 
of moist weight of liver to weight of body was essentially restored 
by the fourteenth day, an increase in weight of moist liver actually 
ensued for the remaining two weeks of the period of observation. 
This increase was again due to the intake of fluids. During the second 
week the weights recorded for the moist and dry restored liver showed 
a content of fluid of 64 per cent. During the third week the content 
of water rose to 72 per cent, the figure accepted as essentially normal 
for our control group, and maintained that level throughout the period 
of observation. 

The manifestations of cyclic restoration in the liver were of interest. 
At the end of the first day the dry hepatic parenchyma, on the basis 
of 100 Gm. of body weight, was 67 per cent of the moist weight, 
showing a fluid content of only 33 per cent. During the second day, 
although a marked increase in actual parenchyma had taken place, 
its dry weight represented only 40 per cent of the moist weight, 
indicating marked intake of fluid. At the end of the third day, during 
which the percentage of the actual increment reached a peak, the 
weight of dry parenchyma further dropped to 30 per cent of the moist 
weight, again indicating marked intake of fluid. During the interval 
between the fourth and the seventh days, when the daily percentage 
of the increment dropped exceedingly low, the hepatic cells continued 
to take up water, so that the percentage of dry weight to moist weight 
fell to 26.4. Between the seventh and the fourteenth days we encoun- 
tered a further increase in cellular activity. The daily percentage of 
the increment had increased, mitosis was frequent, and the percentage 
of the fluid, which had reached its maximum during the period from 
the fourth to the seventh day, fell to 62. During the third and fourth 
weeks the cyclic changes were less marked. The normal water balance 
had been restored, there were no marked increases in the dry parenchyma, 
and the percentage of the dry weight in relation to moist weight 
hovered around 28.7, the figure accepted as the normal in our control 
group. 

The greatest impetus to restoration occurred during the third day 
when the percentage of the increment reached 136. 

These observations are considerably in accord with those of Zeleny,’ 
who studied the rate of regeneration of the tail of Rana clamitans. 
He showed that the rate was slow at first, but soon increased rapidly 
to a maximum three or four days following surgical removal. The 


7. Zeleny, Charles: [Illinois Biol. Monog. 3:1, 1916. 
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decline in the rate from the maximum was rapid at first, and then 
somewhat more gradual until zero was approached toward the end 
of the period of regeneration. To be sure, the gap between the caudal 
appendage of a cold-blooded amphibian and the liver of a warm-blooded 
mammal is phylogenetically great, yet this identity in rate of recovery 
following removal is biologically significant. Zeleny did not encounter 
positive acceleration after the initial acceleration of the fourth day, 
and the negative acceleration recorded by him was somewhat more 
gradual than the one recorded here for the liver. During the first 
four days the material present at the level of the injury to the amphibian 
tail was composed of cells that had migrated from residual tissue, and 
mitosis did not begin until after the fourth day. In the liver of the 
mammal, on the other hand, there was no migration of cells, as far 
as we know, except perhaps slight infiltration of the mesenchyme, and 
mitosis was well under way at the end of the first day and continued 
rapidly during the first few days. Zeleny stated that cellular differen- 
tiation impeded the rate of regeneration. A rapid rate, following 
soon after operation, gave rise to a zone of undifferentiated cells. As 
these transformed and assumed functional characteristics, as muscle or 
connective tissue fibers, the rate in further regeneration sharply 
declined, and negative acceleration was at its height. We have no data, 
physiologic or cytologic, that differentiation induced the marked negative 
acceleration encountered soon after the third day in the restoration of 
the liver of the rat. The cytologic appearance suggested activity of 
both parenchyma and biliary epithelium. Budding bile ducts, pro- 
liferating mesenchyme of the portal spaces and dividing cells of the 
parenchyma all contributed to the rapid increase in weight. Zeleny 
did net encounter a second impetus to restoration such as our figures 
have disclosed. Zeleny further showed that the rate of a second regen- 
erative process somewhat exceeds that of the first regeneration follow- 
ing amputation of the tail. He has further shown that within certain 
limits the rate of regeneration from an injured surface is not retarded 
by simultaneous regeneration of parts in other regions of the body. 
It would be interesting to know whether additional injury to the mam- 
mal, such as splenectomy or nephrectomy, would modify the rate 
or the extent of restoration of the liver. 


SUMMARY 


Studies are reported on the rate and extent of restoration of the 
liver of the white rat following partial surgical removal. Moist weights 
and dry weights of the hepatic parenchyma have been taken on a 
series of rats killed at intervals during the period of restoration, and 
the assembled data have been condensed in tables 1 and 2. 
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Restoration began during the latter part of the first day following 
the removal of 70 per cent of the liver, and the preoperative ratio of 
weight of the liver to weight of the body was essentially restored at 
from the tenth to the fourteenth day. The more rapid rate of restora- 
tion took place during the third and fourth days. Since transient loss 
of hody weight ensued on operation and was not essentially recovered 
until after from twenty-five to twenty-eight days, hepatic restoration 
was determined as complete at this time. 

The liver, during the restorative period, disclosed cyclic activity. 
The most rapid restoration, as evidenced by mitosis and dry weights, 
occurred during the third day. In the period from the fourth to the 
seventh days the liver was less active cytologically, except for a marked 
increase in the intake of fluids. The period from the seventh to the 
fourteenth days was marked by a further increase in the amount of 
parenchyma and by the -essential restoration of the normal ratio of 
the weight of moist and that of dry liver to the weight of the body. 
Further increase in the weight of the liver after the fourteenth day 
was essentially due to an increased intake of fluid. 
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In a previous paper,’ we reported on transplantation of tissues in 
relation to individuality differentials in two strains of rats that had 
been inbred by Dr. King for many years and through many consecutive 
generations by the process of mating brother and sister rats. The 
majority of the rats used in these earlier experiments had been 
inbred through from thirty-seven to thirty-eight generations, while a 
smaller number had been inbred through from forty-six to forty-seven 
generations. In these investigations we obtained the rather unexpected 
result that notwithstanding the long-continued close inbreeding the 
individuality differentials of the inbred rats had not become to any 
marked degree more similar to each other, although there was a dis- 
tinct indication that slight progress toward greater similarity of the 
differentials had been accomplished. These results were in marked 
contrast to those found by Loeb and Wright? in transplantation of 
tissues in inbred strains of guinea-pigs. Here the individuality differ- 
entials of the members of an inbred strain had become much nearer 
to each other than the average individuality differentials of ordinary 
noninbred guinea-pigs or of inbred rats of strain A or strain B, 
although the inbreeding of the guinea-pigs had been continued through 
a much smaller number of generations. We suggested that the differ- 
ence between the behavior of rats and guinea-pigs might be due to the 
selection in the case of the rats of the most vigorous individuals in each 
litter for further propagation of the strain. It was also conceivable 
that a greater number of spontaneous mutations take place in the rat 
than in the guinea-pig. In addition there is the possibility that the 
litters belonging to the same inbred strain between which the exchange 
of tissues or organs took place happened, in the case of the rats, to be 
further distant from each other than in the case of the guinea-pigs. 


* Submitted for publication, Jan. 31, 1931. 

*From the Department of Pathology, Washington University School of 
Medicine, St. Louis, and the Wistar Institute, Philadelphia. 
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Under these conditions, it was thought to be of interest to continue and 
to extend these investigations in order to obtain, if possible, a confirma- 
tion of the former results ; furthermore, we wished to determine whether 
inbreeding by successive matings of brother and sister rats, if still 
longer continued, would gradually increase the similarity between the 
individuality differentials of different litters within the same strain. 

We were able to use, in these continued experiments, rats of 
strain A, as well as of strain B, which had been inbred by matings of 
brothers and sisters through from sixty to sixty-seven generations. 
First, however, we shall report on transplantations from rats belonging 
to strain A to rats belonging to strain B and vice versa. The results 
thus obtained will serve as a standard with which to compare the results 
of transplantations within the inbred strains A and B. 


SERIES 1: TRANSPLANTATIONS OF TISSUES FROM STRAIN A TO 
STRAIN B OR VICE VERSA 


Altogether 32 experiments in which tissues were transplanted from 
strain A to strain B or vice versa were carried out. In each case thyroid 
gland and cartilage and rats belonging to generations 60 to 66 were 
used for the transplantations. In the large majority of the experiments 
the specimens were examined between 19 and 25 days after the graft- 
ing, but in some cases they remained in the host for shorter or longer 
periods, in a few animals for as long as 60 and 100 days. 


Transplantation of Thyroid Gland.—In a considerable number of 
animals the thyroid transplants were replaced by dense fibrous tissue 
in which were some remnants of blood pigment and collections of 
lymphocytes varying in size and density in different cases. This char- 
acter was shown by the specimens examined after 60 and 100 days. 
In other rats remnants of thyroid acini were found in the periphery of 
the fibrous tissue. To a large extent these acini were without colloid 
and were surrounded by fibrous tissue which compressed them; but in 
other cases, in addition, some acini with colloid were preserved. How- 
ever, as a rule, the number of the latter was restricted; and besides, 
the ring of these peripheral acini was not complete, and there was an 
excess formation of fibrous tissue surrounding them. Lymphocytes 
penetrated into the transplant and invaded and destroyed the acini. 
This lymphocytic infiltration was in some cases so intense that there 
resulted a picture almost resembling a lymph gland; also around the 
transplant as a whole, a dense lymphocytic infiltration could be noted, 
and wherever the infiltration was marked, the lymph vessels were stuffed 
with lymphocytes. Thus, in every instance, a great part of the thyroid 
transplant had been destroyed. There was also a partial destruction of 
the parathyroid due to infiltration with lymphocytes, and, furthermore, 
there was infiltration in the surrounding fat tissue. 
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Transplantation of Cartilage, Fat, Bone, Bone Marrow and Striated 
Muscle Tissue-——The cartilage transplant, in general, remained alive, 
especially if the piece of cartilage which was used for grafting was thin. 
Where it was thick, as it always is near the epiphyseal line, necrosis 
and solution often occurred in the center of the cartilage. Occasionally, 
however, owing to accidental conditions, such as injury during the 
operation or pressure exerted on the transplant later, there developed 
necrotic areas of variable length also in other parts of the cartilage. 
Frequently, but not in every case, islands of new cartilage were formed 
by the perichondrium around such necrotic areas, and this newly formed 
cartilage, usually consisting of small cells, penetrated into the necrotic 
cartilage and replaced it, at least in certain areas. Where the cartilage 
was thicker and where more intercellular hyaline substance was formed, 
the connective tissue and lymphocytes could readily push their way into 
it and partly destroy it. On the other hand, connective tissue and 
lymphocytes did not usually penetrate into cartilage consisting mainly 
of living cells. Furthermore, solution in the form of vacuoles in the 
intercellular substance of the cartilage occasionally could be seen. 

In a number of cases we found the bone surrounded by a cellular 
tissue that evidently took its origin from the epiphyseal cartilage ; from 
here the cells extended upward around the bone; at first a cellular 
cartilaginous tissue developed, which then gradually at a greater distance 
from the epiphyseal line changed into an osteoid tissue. The bone 
marrow was mostly replaced by loose or myxoid connective tissue, with 
or without addition of lymphocytes; other connective tissue penetrated 
into the bone marrow from the direction of the cut end of the bone; 
however, in certain places, there was still some necrotic bone marrow 
left, while only very rarely was any living marrow observed. Occa- 
sionally, connective tissue and lymphocytes penetrated even from the 
bone marrow into the epiphyseal columns of cartilage cells. In addition, 
in a number of specimens, remnants of striated muscle tissue, with 
chains of nuclei situated in the muscle fibers, which under these condi- 
tions were very thin, were visible, usually surrounded or invaded by 
much lymphocytic infiltration. 

The fat tissue around the cartilage showed great variability as far 
as preservation was concerned. Almost always there was some increase 
in the connective tissue between the fat cells, and, in many cases, a 
great part of the fat tissue had been replaced by fibrous tissue; usually, 
however, some remnants of fat tissue were left between the strands 
of fibrous tissue. In some cases, especially in the specimens 60 or 
100 days old, hardly any fat tissue remained around the cartilage. 
Not rarely we found in the remaining fat tissue the development of 
cystlike cavities due to the coalescence of adjacent fat cells. In addition, 
areas of necrosis were occasionally seen in the fat tissue usually adjoin- 
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ing necrotic areas in cartilage. As far as the lymphocytic infiltration in 
the fat tissue was concerned, it was either diffuse or localized especially 
around blood vessels in the fibrous bands traversing the fat. There 
usually were also some strands of lymphocytes in the fibrous tissue 
along the border of cartilage. However, in different cases the amount 
of lymphocytic infiltration varied greatly, and especially in specimens 
taken out at later periods, as, for instance, 60 or 100 days after trans- 
plantation, the lymphocytic infiltration was usually slight. On the other 
hand, in specimens removed at earlier periods it was generally marked, 
although, as stated, varying much in different transplants. Around the 
periosteum and the border between bone and cartilage there were also 
in some cases much fibrous tissue and a variable amount of lympho- 
cytic infiltration. 
SERIES 2: HOMOIOTRANSPLANTATION 


We made two additional experiments in ordinary homoiotransplan- 
tation in noninbred rats, in order to compare the results with the results 
of the transplantations from strain A to strain B and vice versa. In 
these cases the examination took place twenty and twenty-two days after 
transplantation. Thyroid tissue was not preserved, only fibrous and 
fat tissue, with lymphocytic infiltration being found. On the other 
hand, as usual, the cartilage was, on the whole, well preserved, although 
the center, where the cartilage was thicker, was necrotic. Where the 
cartilage was thinner, some areas of necrosis were found, and plates of 
regenerated cartilage or connective tissue surrounded and grew into 
the necrotic cartilage and destroyed it. The columns of large bluish- 
staining cartilage cells were at least partly preserved near the border 
between bone and cartilage. The bone cells were mostly necrotic, 
but attached to the periosteum were areas that were alive. Again 
cartilage cells developed in the direction from the epiphyseal cartilage 
toward the bone, and the newly developed tissue surrounded the latter. 
At first the cartilage cells still possessed capsules, but farther away 
from the cartilage this tissue passed into an osteoid tissue. Bone mar- 
row away from the cut side was necrotic, while nearer the cut end it 
was invaded by connective tissue. Around the cartilage there was 
fibrous tissue with some remnants of fat tissue and with masses of 
lymphocytes here and there. There was also some lymphocytic infiltra- 
tion in fat tissue, and there was much fibrillar connective tissue around 
the cartilage. On the whole, no definite difference was noticeable 
between the results of transplantation of tissues from strain A to 
strain B or vice versa and the results of ordinary homoiotransplantation. 
We may then conclude that the transplantations from strain A to strain 
B and vice versa corresponded to homoiotransplantations. If we com- 
pare the results of these experiments with those obtained in our earlier 
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homoiotransplantations of thyroid and cartilage in the rat,® we find 
them, on the whole, similar. Considering separately the results in the 
experiments in which the examination of the thyroid grafts took place 
between the eighteenth and the thirtieth day, we find in twenty-six 
animals marked reactions, corresponding to the typical effects of 
homoiotransplantation. In five animals we obtained reactions inter- 
mediate between those seen after syngenesiotransplantation and those 
seen after homoiotransplantation, and in five animals effects typical of 
syngenesiotransplantation were found. When we transplanted cartilage 
and adjoining tissue we found in series 1 in twelve cases effects typical 
of homoiotransplantation or intermediate between those of homoio- 
transplantation and those of syngenesiotransplantation, while in three 
animals effects typical of syngenesiotransplantation were obtained. Later 
than thirty days, in a number of cases, a recovery of some transplants 
apparently took place; however, it is possible that a relationship 
between host and donor may have complicated the latter result. Trans- 
plantation from white into colored strains of rats led to still more 
decided reactions, corresponding in every case to very marked 
homoioresults. 


SERIES 3: TRANSPLANTATION WITHIN INBRED STRAINS 


Strain A.—We shall now compare with the results obtained in trans- 
plantations from strain A to strain B and vice versa or in ordinary 
homoiotransplantations our more recent results in transplantations 
between different litters within the inbred strain A. We carried out 16 
experiments of this kind. Thyroid gland and cartilage were used for 
grafting. In 8 experiments the animals belonged to the sixty-fifth, 
sixty-sixth and sixty-seventh generations of strain A; the transplants 
remained in the hosts for from 15 to 20 days. In the other 8 experi- 
ments generations 60 to 63 were used. In these cases the pieces 
remained in the hosts for periods varying from 25 to 100 days. 

In general, the results in this series were not very different from 
those obtained when tissues were exchanged between strains A and B. 
Although we used animals inbred by means of successive matings of 
brothers and sisters through from 60 to 67 generations, no noticeable 
approach to a homozygous condition in the constitution of these animals 
had been accomplished. The results were therefore very different from 
those characteristic of autotransplantation. In only 5 of the 16 experi- 
ments were remnants of the thyroid gland found. In the rest of them 
merely fibrous tissue with more or less lymphocytic infiltration and 
some fat tissue remained from the thyroid transplant. In those in 
which thyroid tissue was preserved, two specimens were examined after 


3. Loeb, Leo: Am. J. Path. 2:302 and 315, 1926. 
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15 days, two after from 20 to 25 days and one after 100 days. But 
even in all of these the transplants differed very much from auto- 
transplants. In every case more or less thyroid tissue was destroyed, 
and many acini were without colloid and compressed ; correspondingly 
there was usually much increase in connective tissue around the acini 
and around the whole of the transplant and the lymphocytic infiltration 
was marked, especially in places where well preserved acini were still 
present. In one case the specimen appeared so densely infiltrated with 
lymphocytes that the appearance almost of a lymph gland was produced. 
Frequently, the lymph vessels were stuffed with lymphocytes. In a 
specimen examined after 100 days, connective tissue with lymphocytes 
replaced a great deal of the thyroid transplant ; there was much increase 
of connective tissue and in places much lymphocytic infiltration around 
and between the acini. 


As to our results after the transplantation of cartilage, bone, muscle 
and fat tissue, they resembled very much those noted after transplanta- 
tion of these tissues from strain A to strain B and vice versa. In 
general, the cartilage was weil preserved, but there were in some speci- 
mens areas of necrosis, sometimes adjoining necrotic areas in fat tissue. 
While the fat tissue was usually not completely destroyed, it was always 
invaded and often more or less replaced by fibrous tissue. Also the 
number of lymphocytes was variable in different specimens, but usually 
the lymphocytic infiltration was much less intense than after trans- 
plantation of thyroid glands. In some specimens regeneration of 
perichondrial cartilage had taken place around necrotic cartilage; but 
parts of this regenerated cartilage could again become necrotic. While 
lymphocytes grew into necrotic cartilage in places, only exceptionally 
they penetrated into regenerated cartilage; for the most part they 
remained outside or penetrated only a little way into the perichondrium. 


In the large majority of the cases bone marrow was replaced by 
fibrillar or myxoid connective tissue. The bone cells were generally 
necrotic, although some of them were occasionally preserved. Only in 
one case did we find some remnants of transplanted regenerated muscle 
tissue, in the form of chains of nuclei lying in thin muscle fibers. On 
the whole, the lymphocytic infiltration varied much in different cases 
and in different places; the relative proportion of fat tissue and of 
fibrous tissue replacing it varied also in different cases. 


Strain B.—Within the inbred strain B, thirty-three experiments were 
carried out; in all cases thyroid gland and cartilage with adjoining 
tissues were transplanted, except in one instance in which ovary and 
uterus were used instead. The exchange of tissues was made between 
different litters of rats belonging to generations 60 to 66. In the large 
majority of cases, the examination took place between the twentieth and 
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the twenty-sixth day, but in two experiments it occurred after thirty 
and thirty-five days, respectively, in two experiments after forty days 
and in two experiments after 60 days. 

In this series the results were better than those obtained in strain A; 
this becomes especially evident if we divide the experiments into 
two groups, the first one consisting of thirteen experiments, in which 
animals belonging to generations 64 to 67, and the second one consist- 
ing of twenty experiments, in which rats belonging to generations 60 
to 63 were used. In the first group the results were decidedly better 
than those obtained after homoiotransplantation and after transplanta- 
tion from strain A to strain B or vice versa. There were four experi- 
ments in which the results approached those of autotransplantation ; 
this was true of the transplantation of thyroid gland, as well as of that 
of cartilage. In four other experiments the results were intermediate 
between those in syngenesiotransplantation and those in homoiotransplan- 
tation. In five experiments the results of marked homoiotransplantation 
were obtained ; of the thyroid transplant, only fibrous tissue remained, 
and of the fat tissue around the cartilage, the greater parts had been 
replaced by connective tissue. Likewise, instead of bone marrow, loose 
connective tissue was found. In these cases, there was usually pro- 
nounced lymphocytic infiltration. 

In the second group, there were two experiments in which the 
tissues were like autotransplants ; in two or three other experiments the 
transplants resembled syngenesiotransplants, or they were midway 
between syngenesiotransplants and homoiotransplants. In the remain- 
ing fifteen experiments results characteristic of homoiotransplantation 
were obtained. 

In general, then, there are noticeable in these experiments some 
beneficial effects from close inbreeding, but they are not pronounced. 
In the later generations the results are better than in generations 60 to 
63. However, this may be due to a coincidence, because it is not prob- 
able that on reaching the sixty-fourth generation a sudden change 
occurred that led to a greater homogeneity of the individuality differen- 
tials. It is more probable that in the later generations the litters between 
which an exchange of tissues took place happened to be nearer related 
to each other, having split off from their common ancestors only at a 
relatively recent date, while in earlier generations they had presumably 
separated for a longer period. 

In those cases in which grafts resembled autotransplants, we found 
a well preserved ring of acini, with good colloid, surrounding a relatively 
small amount of central connective tissue. Cartilage and fat tissue were 
well preserved, while bone marrow was usually at least partly preserved. 
In some cases, however, owing to accidental conditions, part of the 
cartilage was necrotic. Lymphocytic infiltration was lacking, and the 
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columns of cartilage cells near the bone were usually well preserved. 
In other instances there was associated with such results a slight, but 
distinct, lymphocytic infiltration, as an indication of a slight incom- 
patibility between the differentials of host and transplant. Where 
reactions typical of homoiotransplantation were obtained, the thyroid 
tissue was as a rule entirely replaced by fibrous tissue, in which there 
were visible lymphocytic infiltration and remnants of blood pigment or, 
in other cases, remnants of acini lying at the periphery of dense 
fibrous tissue; in addition, fibrous tissue enclosed as a capsule and 
invaded the remnants of thyroid gland, and at the same time in some 
cases there was noticeable pronounced lymphocytic infiltration. In the 
majority of these acini the colloid had been lost, and as the result of 
pressure the acini were gradually destroyed. Around the cartilage the 
fat tissue had to a large extent been replaced by connective tissue, 
containing variable amounts of lymphocytes. There was a layer of 
lymphocytes, more or less complete, also around the cartilage. The bone 
marrow was fibrillar. 


Conditions intermediate between these extremes of grafts resembling 
autotransplants and homoiotransplants were also obtained. In such an 
intermediate process, corresponding to the kind typically seen in syn- 
genesiotransplants, we found, for instance, twenty days after trans- 
plantation, a ring of acini with preserved colloid; there were dense 
masses of lymphocytes in the periphery of the transplant and also in 
the adjoining fat tissue. Likewise the parathyroid tissue was well 
preserved, and there were numerous mitoses in parathyroid cells; at the 
same time we found masses of lymphocytes in such a specimen, but no 
increase in connective tissue. Cartilage and surrounding fat tissue were 
thus, on the whole, well preserved in these transplants. 


If we compare our results of transplantations within the inbred 
strains A and B with those obtained in transplantations from A to B 
or from B to A or in ordinary homoiotransplantation, we find on 
the whole the results in the former two series slightly better than those 
in the latter. However, the number of transplantations in strain B in 
which results corresponding to autotransplantation were obtained is 
greater than may be expected in ordinary homoiotransplantation, but the 
average grade in these two series is only slightly higher than the grade 
found in homoiotransplantations. 


It is also of interest to compare the results obtained in inbred strain 
B with those in syngenesiotransplantation in not closely inbred families, 
although father and mother may have belonged to families that were 
related. In strain B, in the generations from the sixty-fourth to the 
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sixty-seventh, the results were: auto, 4 cases; syngenesiohomoio, 4 
cases; homoio, 5 cases. In the generations from the sixtieth to the 
sixty-third, the results were: auto, 2 cases; syngenesio or syngenesio- 
homoio, from 2 to 3 cases; homoio, 15 cases. In ordinary syngene- 
siotransplantation, the results were as follows: auto or approaching 
auto, 25 cases; good syngenesio, 8 cases; syngenesio, 6 cases; syngene- 
siohomoio, 8 cases; homoio, 7 cases. If we consider separately the 
earlier cases, examined between nineteen and twenty-five days following 
transplantation, the results are still better: auto, 10 cases; syngenesio, 
1 case; syngenesiohomoio, 2. If we group together those specimens 
showing results typical of autogenous and syngenesiotrangplantation 
(group 1), and the specimens showing results characteristic of 
homoiotransplantation and results intermediate between syngenesiotrans- 
plantation and homoiotransplantation (group 2), we find in ordinary 
syngenesiotransplantation thirty-four belonging to group 1 and fifteen 
belonging to group 2. While in strain B about eight belong to group 1 
and twenty-five to group 2. 

There is thus a marked difference between the results obtained in 
group B and in ordinary syngenesiotransplantation. It is possible that 
in the transplantations in strain B in which better results were 
obtained the two litters to which host and donor respectively belonged 
were more nearly related to each other than the average litters, and that 
in the majority of cases the two litters had been split off from the com- 
mon ancestor a considerable number of generations back. Yet, even if 
the splitting off occurred as early as after thirty generations of close 
inbreeding by successive matings of brothers and sisters, under ordinary 
circumstances we should have expected an almost complete homozygotic 
condition to exist at that time. Further separate propagation by brother 
and sister mating of two litters could have led to such unfavorable 
results, as far as an approach to a homozygous condition is concerned, 
only if we assume either that, as a result of selective mating in each 
successive generation, a homozygous condition had not yet been reached 
at the time when the splitting off occurred, or that the occurrence of 
mutations prevented the approach to a homozygous state. 


Summary.—Our present results, then, confirm in all essential respects 
our former conclusions. Exchange of tissues between different litters of 
strain A and of strain B does on the average give results only very 
slightly better than those obtained in homoiotransplantation, and again 
we must point out the difference noted in inbred rats and guinea-pigs. 
In the latter the homozygous condition attained through continued 
mating of brother and sister generation after generation was much more 
definite, and the results of transplantation within the inbred families 
were much better, than we found in the inbred rats. 
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SERIES 4: EXCHANGE OF TISSUES BETWEEN DIFFERENT LITTERS 
OF THE GROUP (AxXB) F, 


Through mating of rats belonging to strain A with rats belonging 
to strain B a generation of hybrids, (A X B) F,, was produced. These 
were then propagated through three or four generations of successive 
matings of brothers and sisters, so that (A * B) Fy, and F, were 
obtained. Transplantations were then carried out from one litter to 
another litter of this kind, usually the animals belonging to generation 
F, being used; only in one case exchange of tissues took place between 
rats belonging to generation F,;. Altogether fourteen experiments were 
carried out in this series. In two of these ovaries and uterus, in the 
remaining ones, thyroid gland and cartilage, were transplanted. In two 
experiments in which ovaries and uterus were used, the examination 
took place after two and ten days, which represent too early a period 
for an exact grading of the results, as the full reaction had not yet 
developed at this period. However, already at this time definite lympho- 
cytic reactions were noticeable in the transplants, and in one case there 
were, in addition, much necrosis and connective tissue in the graft. 
In the twelve remaining experiments, the examination took place 
between the twentieth and the twenty-third day. In four of these 
experiments reactions approximately intermediate between those 
observed after syngenesiotransplantation and those after homoiotrans- 
plantation were obtained. Certain parts of the thyroid gland were 
preserved, but they were markedly invaded by lymphocytes and were 
thus in process of destruction; in addition, there was observed an 
ingrowth of connective tissue into the transplant. The cartilage was 
usually well preserved, but here also more or less lymphocytic infiltra- 
tion was found, and also in the fat tissue there was an increase of 
connective tissue and of lymphocytic infiltration. On the outside of the 
bone a formation of new cartilaginous tissue that gradually passed into 
osteoid tissue could be seen. The bone marrow was still in some places 
partly preserved and in other places was replaced by connective tissue. 
In-the other eight specimens, marked homoioreactions were obtained ; 
the thyroid glands usually were completely destroyed, and the fat tissue 
to a great extent was replaced by fibrous tissue. The bone marrow was 
replaced by connective tissue or was necrotic. However, in some cases 
regeneration of cartilage was noted in places where the cartilage had 
been wounded, or around necrotic cartilage; thus the necrotic material 
could be invaded and replaced by regenerating cartilage and, in addition, 
nodules of regenerating cartilage formed. In four experiments syn- 
genesiohomoioreactions and in eight marked homoioreactions were 
obtained. On the whole, the results in this series were therefore unfa- 
vorable and not much better than those seen in homoiotransplantation. 
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SERIES 5: TRANSPLANTATION FROM (AXB) F, TO B OR A AND 
THE RECIPROCAL TRANSPLANTATION FROM B OR A TO 
(A XB) Fy 


In this series thyroid gland and cartilage were transplanted either 
from a hybrid between strain A and strain B to one of the parent 
strains, after these hybrids had been inbred for four generations by 
means of successive matings of brothers and sisters, or the reverse 
transplantation was carried out from one of the parent strains to the 
hybrid. Such experiments were thought to be of interest, because in 
the work with inbred strains of guinea-pigs a striking difference was 
observed between the results in these two types of transplantation ; 
here transplantation from one of the parent strains to the hybrid strain 
gave excellent results approaching those observed after autotransplan- 
tation, while the reciprocal transplantation was relatively unfavorable. 
In this series we could not expect to find a difference corresponding to 
those noted in inbred families of guinea-pigs, because neither the indi- 
viduals of strain A nor those of strain B had attained a very definite 
homozygous condition, as we have shown in this paper. 


Transplantations from Parent Strain to Hybrid.—Thirteen experi- 
ments in transplantation from the parent strain to the hybrid were car- 
ried out. In nine cases, in which the examination took place between 
sixteen and thirty-seven days after transplantation, homoioreactions 
were obtained. However, in four of these cases, the results were only 
of an approximate character, an exact classification not being possible, 
because only cartilage without a sufficient amount of other tissue was 
recovered at the conclusion of the experiments. In two cases, examined 
after twenty-nine and fifty days, the results were intermediate between 
those of syngenesiotransplantation and those of homoiotransplantation. 
In an additional case the result corresponded to that of syngenesiotrans- 
plantation, and here the examination took place after thirty-seven days. 
In the last case, examined after twenty days, the pieces resembled 
autotransplants. 

Transplantation from Hybrid to Parent Strains—In the reciprocal 
transplantations somewhat more unfavorable results were obtained. In 
eleven of thirteen experiments approximate homoioreactions were 
found ; in one case the result was intermediate between a typical homoio- 
reaction and a syngenesioreaction, and in the last case it corresponded 
to a syngenesioreaction. 


Summary.—The difference between the results in these two series 
of transplantations is so slight that we cannot attach much significance 
to it. We may summarize our results as follows: (a) In transplanta- 
tion from parent to hybrid, the 13 experiments carried out yielded 9 
homoioreactions, 2 syngenesiohomoioreactions, 1 syngenesioreaction and 
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1 autoreaction. (6) In transplantation from hybrid to parent, the 13 
experiments carried out gave 11 homoioreactions, 1 syngenesiohomoio- 
reaction and 1 syngenesioreaction. 


SERIES 6: EXCHANGE OF TISSUES BETWEEN BROTHERS WITHIN 
INBRED STRAINS 


Transplantation of Thyroid Gland and Cartilage or of Ovary and 
Uterus from Brother to Brother (or from Sister to Sister) in Inbred 
Strain A.—Seventeen experiments were carried out; in thirteen thyroid 
gland and cartilage, and in four uterus and ovary were used for trans- 
plantation. In six experiments the animals belonged to the sixty-sixth 
and sixty-seventh inbred generation, while in the remaining eleven 
experiments they belonged to generations 60 to 63. The pieces were 
removed for examination between the twentieth and the fiftieth day 
following transplantation. In three of the six experiments in which 
the sixty-sixth and sixty-seventh generations were used, thyroid gland 
and cartilage had the character of autotransplants; one of these was 
examined after forty-two days and two after twenty days. In the 
cartilage transplants, fat tissue, columns of large cartilage cells at the 
border between bone and cartilage and regenerating muscle tissue were 
well preserved. The condition of the bone marrow varied ; connective 
tissue replaced the bone marrow partly or even entirely in some of 
these cases. 

In the three remaining cases of this group results characteristic of 
syngenesiotransplantation were obtained. In two of these cases—in 
the third one the thyroid transplant was not found—the structure 
of the thyroid and parathyroid transplants corresponded to the struc- 
ture of autotransplants, but subsequently masses of lymphocytes 
penetrated into the graft and destroyed it in part. In the 
cartilage-fat-bone-muscle transplant the preservation was, on the whole, 
also very good, but there was some invasion by lymphocytes which in 
these specimens was, however, less marked than in the thyroid. These 
cells destroyed some of the muscle tissue, but the bone marrow was 
partly preserved. The intensity of lymphocytic infiltration varied in 
different cases, in two of which the examination took place fifty days, 
and in the last one twenty-five days, after transplantation. 

In seven experiments with animals of generations 60 to 63, thyroid 
gland and cartilage were transplanted. In four of these cases, examined 
between twenty and thirty-five days following transplantation, results 
approaching, but not entirely identical with, those of autotransplantation 
were obtained ; after thirty and thirty-five days the lymphocytic infiltra- 
tion began to be a little more marked in places, although otherwise the 
results were very good, and even some mitoses were found in the 
transplanted parathyroid cells; in an additional animal the condition 











LOEB-KING—INDIVIDUALITY DIFFERENTIALS IN RATS 215 


was intermediate between autoreaction and syngenesioreaction. In two 
other specimens examined after twenty-five and forty-five days, 
respectively, a pronounced syngenesioreaction was observed. In these 
two cases, the lymphocytic infiltration was intense, and the thyroid 
gland in one specimen had the appearance almost of a lymph gland. 
While there was hardly any connective tissue reaction, the dense masses 
of lymphocytes had destroyed a good part of the thyroid, and likewise 
a part of the parathyroid. Again in the fat tissue the lymphocytic 
infiltration was less marked than in thyroid and parathyroid tissue ; 
furthermore, there was no increase of connective tissue in the fat tissue. 
The bone marrow was partly preserved. 

In four rats into which pieces of ovary and uterus had been trans- 
planted, the examination took place between twenty and thirty days 
after transplantation. Parts of uterus and ovary were preserved, but 
there was everywhere more or less marked lymphocytic infiltration, and 
results characteristic of autotransplantation were not observed ; however, 
an exact gradation in several of these cases was not possible. 

Altogether, therefore, in eight cases results characteristic of or 
approaching autotransplantation were obtained, and in five cases the 
pieces resembled syngenesiotransplants. While in the four experiments 
in which pieces of ovary and uterus were transplanted, an exact grada- 
tion was not possible, we can be certain that in none of them was the 
effect of autotransplantation obtained. On the whole, the results in 
transplantation of ovary and uterus corresponded, therefore, to those 
found in syngenesiotransplantation, although one or two of them may 
have approached the range characteristic of homoiotransplantation. 


Transplantation of Tissues from Brother to Brother in Inbred 
Strain B.—In nineteen experiments tissues were transplanted from 
brother to brother within strain B. The pieces were removed from the 
hosts for examination at various times between twenty and sixty days 
after transplantation. In thirteen experiments—in some of which the 
transplants were examined as late as sixty days after grafting—the 
results corresponded to or approached those of autotransplantation. In 
one of these cases the thyroid and parathyroid grafts resembled auto- 
transplants, whereas the cartilage transplant showed a slight, but distinct, 
increase in connective tissue and a slight lymphocytic infiltration, 
although, on the whole, cartilage, fat tissue and muscle tissue were well 
preserved. In two cases, pieces were transplanted from one brother or 
sister into two other brothers or sisters. In one of these cases, the 
grafts in both hosts behaved, after sixty days, like autotransplants ; in 
the second case, in one host, the results in the thyroid graft were like 
those of autotransplantation, while those in the cartilage graft corre- 
sponded to the results of syngenesiotransplantation, and in the other 
host the results were those of homoiotransplantation. 
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In three specimens the examination of which took place twenty days 
following the operation and in one of which ovary and uterus were 
transplanted instead of thyroid tissue and cartilage, the results of 
syngenesiotransplantation were obtained. There were two specimens to 
which we have referred which showed a rather mild homoioreaction and 
one specimen in which the condition was intermediate between homoio- 
reaction and syngenesioreaction. 

In the instances in which results approaching those of autotrans- 
plantation were obtained, bone marrow was well preserved as late as 
sixty days following the grafting, and, as usual, the bone spicules in 
the bone marrow were much better preserved than the cortical bone 
proper. Grafts in which we found a localized lymphocytic infiltration 
that exceeded in intensity the very slight collections of lymphocytes 
occasionally observed in an autotransplant, but in which the connective 
tissue was not increased, were classed as approaching autotransplants. 
In accordance with our previous observations in noninbred strains, it 
was to be expected that in the course of time this lymphocytic infiltration 
would increase in intensity and exert a destructive effect on the 
transplant. 

In the specimens corresponding to homoiotransplants, the bone 
marrow, as usual, was necrotic or replaced by connective tissue, while 
in those corresponding to syngenesiotransplants parts of the bone 
marrow were preserved; in certain places osteoid tissue was produced 
which in the periphery seemed to undergo transformation into myxoid 
connective tissue. In grafts that behaved like syngenesiotransplants, 
there was a dense lymphocytic infiltration in the thyroid and in the 
parathyroid, while in the fat and muscle tissue, it was somewhat less 
marked ; in addition, there was found in the cartilage specimen some 
increase in connective tissue. 

If we compare the results in these experiments with those in the 
corresponding experiments in our earlier investigations in inbred rats, 
in which transplantations of tissue from brother to brother were made, 
we find that the results in our present series are somewhat better. They 
are likewise better than the results of Loeb in noninbred rats in ordinary 
transplantations of tissue from brother to brother.* On the other hand, 
they are distinctly less good than the results obtained by Loeb and 
Wright ? in inbred guinea-pigs in transplantations from brother to 
brother. It is probable, therefore, that slight progress toward a more 


homozygous condition in the rats has been accomplished through the 
continued inbreeding ; however, there can be no doubt that the reactions 
between host and transplant are more marked in rats inbred through 
more than sixty generations by matings of brothers to sisters than the 
reactions in guinea-pigs inbred through approximately twenty 
generations. 
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Summary.—The results of transplantation of tissues from brother 
to brother in the inbred strains may be summarized as follows: 1. In 
strain A, autoreactions or autosyngenesioreactions were obtained in 
eight experiments and syngenesioreactions in five experiments. In four 
experiments an exact grading was more difficult, but we can be certain 
that the results did not correspond to autoreactions. 2. In strain B, 
autoreactions were obtained in thirteen experiments and syngenesio- 
reactions in three experiments, a syngenesiohomoioreaction was found 
in one case and mild homoioreactions were found in two cases. In both 
series combined we found autoreactions or autosyngenesioreactions 
twenty-one times, syngenesioreactions eight times, mild homoioreactions 
twice and a syngenesiohomoioreaction once. In four cases the grading 
was uncertain, but the results did not correspond to those of 
autotransplantation. 

Multiple Simultaneous Transplantations in Inbred Strain B.—In the 
sixty-seventh generation of strain B, four pieces of thyroid gland and 
two pieces of cartilage from two brothers were grafted into a third 
brother. All four pieces of thyroid gland examined thirty-two days 
following transplantation behaved like autotransplants. Well preserved 
ducts with squamous epithelium were found in the center of the grafted 
tissue; only an occasional, very small nest of lymphocytes was seen in 
the connective tissue; a few isolated lymphocytes were noted, but not 


in every specimen, around some acini or around the parathyroid. 
Cartilage and fat tissue appeared normal; there were here no collections 
of lymphocytes, nor any noticeable increase in connective tissue. These 


results agree with the previous ones of Loeb, so far as they show that 
a deficit in function of the thyroid gland in the host is not required for 
the successful transplantation of this organ. 

Serial Transplantation in Inbred Strain B.—We transplanted two 
pieces of thyroid gland from a rat of strain B to his brother. Twenty- 
five days later both transplants were removed and retransplanted to a 
sister. Twenty-five days following the second transplantation, one of 
the grafts was removed from the animal for microscopic examination. 
This piece had therefore been transplanted twice in succession and each 
time had remained twenty-five days in the host; altogether it had been 
in brother and sister for a period of fifty days (twenty-five plus twenty- 
five days). The second transplant was retransplanted again to a sister 
of the bearer and examined twenty-three days following the last trans- 
plantation (twenty-five plus twenty-five plus twenty-three days equaling 
seventy-three days). 

Transplant Examined After Fifty Days (Twenty-Five Plus Twenty- 
Five Days): The transplanted thyroid, as well as the transplanted 
parathyroid and fat tissue, was well preserved; all behaved like auto- 
transplants. There was a limited amount of loose connective tissue in 
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the center of the graft, and the acini were in close contact with cach 
other. Only a few lymphocytes were found in one place. 

Transplant Examined After Seventy-Three Days (Twenty-Five 
Plus Twenty-Five Plus Twenty-Three Days): The acini of the thyroid, 
containing solid colloid, as well as the parathyroid, were well preserved, 
but in the connective tissue traversing the fat, which surrounded the 
thyroid graft, there was a diffuse lymphocytic infiltration, extending 
even into the region of the acini. In places the lymphocytes penetrated 
still deeper between the acini and also a short distance into the para- 
thyroid on the other side, and some had invaded the surrounding muscle 
tissue of the host; the lymph vessels were studded with these cells. 
There was no increase in connective tissue. 

We have to deal in this case with a syngenesioreaction and not, as 
in the first transplant, after twenty-five days plus twenty-five days, with 
an autoreaction. While, therefore, this experiment confirms our conclu- 
sions that the individuality differentials have not yet become identical 
in brothers in inbred rats, the differentials are sufficiently similar to 
make possible the serial transplantation of thyroid, a task that could 
not be accomplished in the case of a typical homoiogenous relationship 
between host and donor. This experiment confirms a result obtained 
formerly in transplantation in inbred guinea-pigs.” 


SERIES 7: TRANSPLANTATION FROM BROTHER TO BROTHER (OR 
FROM SISTER TO SISTER) IN (A XB) Fy, STRAIN 


It was of interest to compare with the brother to brother transplan- 
tations in inbred strains A or B brother to brother transplantations 
in hybrids (A & B) F,. Theoretically, it should be expected that, 
although inbreeding had taken place through several generations, the 
genetic constitutions and therefore the individuality differentials of 
brothers or sisters in such litters would be less similar to each other than 
the individuality differentials of brothers in inbred strains A or B, a 
conclusion which was confirmed by our investigations. 

We carried out thirty experiments ; however, two of these must be 
discarded on account of the possibility that a mistake was made in the 
labeling of the specimens. Of the remaining twenty-eight, two were 
examined after ten and twelve days, respectively, which represent, 
perhaps, too short a period for an accurate grading. In nine additional 
experiments ovary and uterus were transplanted, and in these specimens 
an accurate grading is likewise difficult. But, if we make an approxi- 
mate classification of all but two specimens, we obtain the following 
results: In six cases the grafts corresponded to syngenesiotransplants ; 
in eleven cases their condition corresponded to a condition intermediate 
between that of syngenesiotransplants and that of homoiotransplants, 
and in nine cases the typical results of homoiotransplantation were 
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obtained. Of the two doubtful transplants, one appeared like an auto- 
transplant and the other one like a homoiotransplant. If we except, 
therefore, the result obtained in one experiment, in none of these cases 
did we find grafts that resembled autotransplants. These results are 
therefore much inferior to those noted in transplants between brothers 
within the inbred strains A or B; they are inferior even to those found 
in ordinary syngenesiotransplantation. The long-continued separate 
breeding of the A and B strains apparently led to a marked difference 
in the average of the individuality differentials in these two strains, a 
difference which the short period of inbreeding in hybrids between A 
and B could not overcome. 

In cases of syngenesioreaction we found as usual small masses of 
lymphocytes around and between certain acini, and, also, in the para- 
thyroid there was some increase in lymphocytes in the lymph vessels. 
Bone marrow could be preserved in such transplants; likewise the fat 
tissue was well preserved, showing merely a moderate increase in the 
thickness of the connective tissue septums. Between the regenerating 
muscle fibers some lymphocytic infiltration was noted. It was also of 
interest that near wounds of the cartilage, tissue formed, which 
resembled connective tissue in structure, but which in reality represented 
growing perichondrial or cartilage cells. In the ovarian transplants of 
this series we also observed usually more or less marked lymphocytic 
infiltration, and in the uterine grafts we found, as a rule, in the areas 
of transition between cellular fibroblastic connective tissue and necrotic 
material, processes of hyalinization, indicating insufficient nourishment 
of the grafted tissue. In a specimen in which a syngenesioreaction was 
obtained, we noted that cartilage cells proliferated not only toward the 
outside of the bone, but also into the bone marrow spaces, which thus 
became filled with cartilage. Furthermore, tissue apparently transitional 
between cartilage and osteoid tissue was found. 

Of special interest was a transplant of cartilage examined after 
twenty-five days, which behaved like a syngenesiotransplant, but in 
which proliferating perichondrial cells, during the process of transfor- 
mation into cartilage cells, showed an active mitotic proliferation. Even 
the young cartilage cells that developed from the perichondrial tissue 
showed mitoses, but mitotic activity ceased as soon as vacuoles appeared. 
There was at the same time a marked lymphocytic infiltration around 
the transplanted living cartilage, and lymphocytes penetrated even into 
the perichondrium. 


SUMMARY AND CONCLUSIONS 


In these experiments we used tissues from rats of strains A and B, 
inbred through from sixty to sixty-seven generations by matings of 
brother and sister rats. The results of transplantation of tissues from 
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strain A to strain B corresponded to the results of ordinary homoio- 
transplantation. Transplantation between different litters within inbred 
strain A likewise gave results very similar to those obtained in homoio- 
transplantation, and this was true of grafts of thyroid gland, as well 
as of those of cartilage. 

Transplantation between different litters within inbred strain B gave 
better results, but even these results remained far behind those obtained 
in ordinary syngenesiotransplantation from brother to brother. They 
were between the typical results of homoiotransplantation and those of 
syngenesiotransplantation, but nearer the former than the latter. As was 
to be expected, transplantation to different litters in group (A  B) F, 
or F, led to marked homoioreactions. Transplantation from (A x B) 
F, to one of the parent strains or vice versa gave results corresponding 
to or approaching homoioreactions ; but in accordance with expectation 
the results were somewhat better in transplantation from parent to 
hybrids than in the reciprocal transplantation. However, it is doubtful 
whether this difference is sufficiently great to be of significance. 

In brother to brother transplantation within inbred strains the results 
obtained were somewhat better than those in our earlier experiments 
in inbred rats, and in strain B they were perhaps slightly better than in 
strain A. The reactions which we found were somewhat less marked 
than those which we observed in ordinary syngenesiotransplantation, but 
the differences observed between these two series were, after all, not 
striking. The following summary allows a comparison between these 
two series: 1. Ordinary syngenesiotransplantation: autoreactions or 
autosyngenesioreactions, 33; syngenesioreactions, 6; syngenesiohomoio- 
reactions, 8; homoioreactions, 7. 2. Transplantation within inbred 
strains: autoreactions or autosyngenesioreactions, 21; syngenesioreac- 
tions, 8; syngenesiohomoioreactions, 1 ; mild homoioreactions, 2; uncer- 
tain, but not autoreactions, 4. 

Multiple simultaneous transplantations in brothers of inbred strain 
B, under conditions of approximate identity of the individuality differ- 
entials of hosts and donor, confirm our former conclusion that a deficit 
in internal secretion of the thyroid gland is not necessary for the pres- 
ervation of the thyroid transplant. Two and even three successive 
transplantations of thyroid and parathyroid succeeded in brothers and 
sisters of strain B; however, in the third transplantation a syngenesio- 
reaction appeared, indicating that in this case also a complete identity 
of individuality differentials between brothers and sisters had not yet 
been obtained. In general, we must again state in this connection that 
there is no certainty that when a certain graft in a host behaves like 
an autotransplant at a certain time following transplantation, it will 
continue to behave in this way; on the contrary, there are many 
indications that at a still later period a reaction on the part of the host 


may set in. 
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Much more unfavorable results than in transplantation within the 
same litter in strains A and B were obtained in brother to brother 
transplantation in (A X B) F, hybrids. On the other hand, the results 
here were somewhat better than in ordinary homoiotransplantation. In 
ordinary homoiotransplantation the results were 5 syngenesioreactions ; 
5 syngenesiohomoioreactions ; 26 homoioreactions. In transplantation 
between brothers of (AX B) F, the results were : 6 syngenesioreactions ; 
11 syngenesiohomoioreactions ; 9 homoioreactions. No specimens resem- 
bling autotransplants were obtained, because, in combinations between 
the gene sets of A and B, the probability that identity between the 
individuality differentials has developed is not great. 

On the whole, we may therefore conclude that notwithstanding con- 
tinued inbreeding in strain A and strain B a condition approaching a 
homozygous genetic constitution within the same strain has not been 
attained. On the contrary, our results indicate much more marked 
heterozygous constitutions after inbreeding in rats through from sixty 
to seventy generations than Loeb and Wright found in guinea-pigs after 
inbreeding of these through a much smaller number of generations. 
There is, however, some indication that a slight advance toward greater 
similarity of the individuality differentials within the same strain has 
been made since our first transplantations, in which we used animals 
belonging to generations 30 to 47. As to the factors underlying these 
results we must consider, as we did formerly, (1) the selection of 
heterozygous individuals during the process of close inbreeding ; (2) the 
possibility that a splitting off of litters and separate propagation within 
the strains A and B may play a certain role, but such a splitting off 
could lead to the maintenance of a heterozygous condition only in case 
some other factor had prevented the reaching of a homozygous 
constitution at the time when the separate breeding of the two litters 
set in; (3) the occurrence of mutations must be considered as a possible 
factor. While at present it is impossible to determine what role muta- 
tions play in the results that we obtained, there can be little doubt that 
the selection of the strongest individuals during the process of inbreeding 
has been of great significance in the persistence of the heterozygous 
constitution of the inbred rats, as revealed by the results of our 
transplantations. 














CHRONIC BRONCHITIS WITH FOREIGN BODY 
(ELASTIC FIBERS) REACTIONS IN 
THE LUNGS* 


FRANKLIN S. DuBOIS 
CHICAGO 


Many substances originating from tissues or their fluids become 
insoluble because of necrosis or chemical changes, and the inert material, 
as an irritant, stimulates a mass of chronic granulation tissue, and 
this is commonly designated “a foreign body tissue reaction.”’ Note- 
worthy among the cellular constituents in this reaction are the foreign 
body giant cells. Cholesterol,’ lipins and their derivatives,’ salts of 
calcium and of iron * and incrusted connective tissue fibers * are tissue 
derivatives that become insoluble and act as foreign substances. Elastic 
fibers of the connective tissues have been reported to be the substance 
stimulating foreign body inflammatory reactions in many parts of the 
body,® but rarely have these lesions been found in the tissues of the 
lungs. Kockel® seems to have been the first to record such a reaction 
in the lungs. 

A man, 33 years of age, died of pernicious anemia. Lesions in the walls of 
blood vessels of the lungs showed giant cells with inclusions like elastic fibers, 
although the fibers failed to react with specific stains. Similar fibers in the 


alveolar and arterial walls reacted variably with the tests for elastin, iron and 
calcium. 


The following year Davidsohn’ reported a study of lungs; one 
from a man, 27 years old, who died with sarcoma of the sacral verte- 





brae, a second from a man, aged 22, who had carcinoma of the 
stomach with metastases to the vertebral column, pelvis and humerus, 
and a third and fourth, from Virchow’s museum, for which there 
were no clinical records. There was a pronounced fragmentation of 
elastic fibers in the alveolar septums and deposits of calcium in the 
septums, in the interstitium and in the walls of arteries, but no giant 
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cell reaction. Bittrolff * observed inflammatory changes against inert 
tissue fibers in the lungs of a woman, aged 25, who clinically 
had organic decompensation of the heart and chronic passive hyperemia. 
Giant cells with inclusions were found in and about the walls of the 
larger blood vessels. The inclusions were concentrically laminated, oval 
or round structures, and slender fibers. These gave the specific reac- 
tions with various stains for elastic tissue and also the microchemical 
reactions for calcium and iron. Bittrolff concluded that they were 
elastic fibers undergoing secondary changes and incrusted with iron 
and calcium. In 1912, Schum® studied the lung of a woman, aged 
47, who, according to the clinical diagnosis, died of asthma, nephritis 
and myocarditis. There was a generalized venous stasis. Histologically 
the lung had many foreign body giant cells distributed about the bronchi 
and arteries, where the elastic fibers (according to various stains) had 
undergone degenerative changes. The fibrillar and concentrically lami- 
nated inclusions of the giant cells reacted somewhat to stains for 
elastin and to the microchemical tests for iron. Only traces of calcium 
were present. A year later Gigon’® found concentrically laminated 
fibrillar structures incrusted with iron and calcium in the walls of 
the medium and small blood vessels in the lungs of a man, 31 years 
old, who, according to the clinical diagnosis, had an infarct of the lung 
and chronic passive hyperemia. He saw no giant cells. Recently 
Dugge * reported lesions in the lungs of a man, 30 years old, who 
for many years had had asthma and whose death was due to chronic 
bronchitis and bronchopneumonia. The fibrous tissue about the bronchi 
contained foreign body giant cells with inclusions of fatty acid crystals, 
cholesterol and concentrically laminated amorphous bodies. The latter, 
he concluded, were elastic fibers incrusted with iron and calcium. 


A white man, a blacksmith, aged 58, was in the care of Dr. C. F. G. Brown at 
St. Luke’s Hospital for a short time in 1925 because of a sprain of the back 
and glycosuria. Medical management of the diabetes and treatment for several 
minor injuries and infections kept him in fair health until Jan. 19, 1930. Then 
he again entered the hospital because of an infection of the left foot. This was 
drained surgically. He had a septic fever and many reactions to insulin. The 
number of erythrocytes diminished from 4,000,000 at the time of admission to 
2,580,000 per cubic millimeter on March 29; the hemoglobin decreased from 80 
to 40 per cent. On April 27, following reaction to insulin, the patient died. 

The postmortem examination was made sixteen hours after death by Edwin 
F. Hirsch.- The essential observations were: diabetes mellitus; bilateral broncho- 
pneumonia ; abscesses of the lungs; chronic bronchitis ; marked emphysema, hyper- 
emia and edema of the lungs; cloudy swelling of the myocardium, kidneys and 
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liver; moist gangrene and chronic osteomyelitis of the left foot and ankle; left 
serofibrinous pleuritis; recent hemorrhage beneath the left parietal pleura; 
surgically incised abscesses of the left axilla; osteomyelitis of the right tenth 
rib; marked senile arteriosclerosis of the aorta and its main branches; right 
chronic fibrous pleuritis, etc. The body weighed 107% pounds (48.7 Kg.) and 
was 172 cm. long. There was about 25 cc. of serofibrinous exudate in the left 
pleural cavity. The pleura of the left lung was hyperemic and _ posteriorly 
covered with fibrin. Opposite the right tenth rib, 8 cm. from the spine, was a 
radiating scar of the parietal pleura 3 by 2.5 cm. in its maximum dimensions, and 
opposite this osteomyelitis of the rib. The right lung weighed 1,270 Gm.; the left, 
1,265 Gm. Both were boggy, except in the marginal emphysematous regions. 
There was a marked subpleural edema of the right lung, and the pleura of the 
left was rough with plaques of fibrin. Beneath one of these, toward the lateral 
margin of the upper lobe, was an abscess, 2 cm. in diameter, filled with a yellow 
exudate. There were other nodules of the same size and content, one in the 
upper lobe of the left lung and two in the lower lobe of the right lung. Other- 
wise there was marked edema. The left upper lobe was similar. The left lower 
lobe was crepitant only in the upper lateral portions, and the remainder was 
studded with gray, granular, firm regions, from 0.2 to 1 cm. in diameter. A 
purulent material was expressed from the larger consolidated places and a yellow 
exudate from the smaller bronchi of both lungs. The lining of the pulmonary 
arteries had fatty changes. Staphylococcus aureus was isolated from the 
abscesses in the lungs. 

The lungs microscopically were extensively consolidated by bronchopneumonic 
exudates and abscesses. They showed the changes usually present with chronic 
passive hyperemia and chronic emphysema. The unusual lesions were acute 
bronchial and peribronchial exudates associated with foreign body granulation 
tissues containing many giant cells (fig. 1). These giant cells were as many as 
20 to 1.5 sq. mm., ranged between 0.04 and 0.2 mm. in diameter and occurred also 
in portions of lung tissue considerably removed from the pneumonic regions and 
abscesses. They contained coiled and sinuous fibrils (fig. 2) of connective 
tissue, and some were vacuolated. Similar fibers occurred in the lumens of the 
bronchi and alveoli. They reacted in general as do elastic fibers in sections stained 
with phosphotungstic acid-hematoxylin, van Gieson’s stain, Weigert’s elastic stain, 
Verhoeff’s stain and Unna’s orcein. The fiber inclusions of the cells did not react 
with the usual microchemical tests for iron and calcium. The general con- 
figuration and distribution of the many vacuoles in the giant cells suggested the 
presence of fats. However, none of the pulmonary tissues had been fixed in 
formaldehyde solution and specific stains for lipins could not be made. 


According to Macklin,’* the elastic tissue of the respiratory system 
is continuous from the larynx to the alveoli of the lungs, where it 
is distributed as delicate strands in the septums. In the bronchial walls 
the widest layer courses longitudinally in the mucosa, branches with 
the air tubes, and becomes thinner as the bronchi decrease in size. 
Outside of this band is a smaller band, distributed transversely and 
interlacing with the muscle of the wall. Other aggregates of elastic 
tissue are present in the larger tubes and course obliquely. The changes 


12. Macklin, C. C.: Functional Aspects of Bronchial Muscle and Elastic 
Tissue, Arch. Surg. 19:1212, 1929. 
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Fig. 1.—Inflammatory exudate, elastic fibers and foreign body giant cells in 
aud about a bronchiole; « 160. 
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Fig. 2—Photomicrograph of a giant cell with elastic fiber inclusions and 
vacuoles; & 630. 
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whereby some of these elastic fibers become inert and stimulate a 
foreign body tissue reaction are not understood. Various conjectures 
have been offered. Davidsohn’ considered chronic passive hyperemia 
of the lungs as a possible etiologic factor, but discarded the idea when 
he found no fragmentation or calcium deposits in tissues from lungs 
with changes characteristic of chronic passive hyperemia. He was 
inclined to ascribe the deposition of calcium to an increase in the 
calcium in the blood coincident with tumors in bone. However, Kossa ** 
demonstrated that when the blood is saturated with calcium there is 
no deposit in the tissues of the body. In contrast, Katase ** injected 
calcium into guinea-pigs and rabbits and noted calcification of elastic 
tissue in the alveolar septums of the lung. Learner * obtained similar 
results in dogs with injections of parathormone. Davidsohn? thought 
inhalation of dust over long periods of time and motility of the lung 
until the time of death might be important factors in causing the frag- 
mentation of elastic fibers. 

Bittrolff * attributed the inflammatory reactions to chronic passive 
hyperemia. He held that the slow circulation and poor aeration of 
the blood caused acidosis. The tissues of the lung, particularly the 
elastic fibers, were thus weakened, and the dyspnea and hyperdistention 
of the lungs accompanying the venous stasis caused fragmentation of 
the tissues. As a secondary change iron and calcium were deposited 
on the degenerated fibers. Giant cells then aggregated about the inert 
bodies, and deposits of iron and calcium on these fibers formed the 
concentrically laminated inclusions. Schum did not believe that iron 
and calcium could be deposited in normal elastic tissue. He thought 
that an injury to these tissues must have preceded the incrustations. 
He considered mechanical factors incident to chronic bronchitis and 
asthma important. He compared the changes in the elastic tissue of 
the lung to those noted in hypertrophy of the myocardium followed 
by dilatation. When the elastic limit was reached the tissues ruptured 
in many places, and as part of the retrogressive changes mineral sub- 
stances were deposited. He believed that this was an adequate explana- 
tion of the changes seen in and about the bronchi, but that chronic 
passive hyperemia as a sequence of chronic bronchitis was responsible 
for the similar alterations of the walis of the blood vessels. From 
his studies Gigon?° concluded that chronic passive hyperemia in itself 
was not sufficient to cause the formation of the concentrically laminated 
bodies incrusted with calcium and iron. Dugge*™ contended that the 
origin of the giant cells depended on lipoids liberated by the necrotic 
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15. Learner, A.: J. Lab. & Clin. Med. 14:921, 1929. 
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cells of chronic inflammatory tissue. The poorly soluble lipoids thus 
formed acted as foreign bodies and were phagocytosed after the 
cholesterol had been changed to mixtures of cholesterol and fatty acid. 
Calcification of the lipoids he believed to be simply an expression of 
the affinity of fatty acids for calcium. The deposits of lime on elastic 
fibers in giant cells he ascribed to the presence of crystals of cholesterol 
about the fibers. 
COMMENT 

Several possible etiologic factors should be considered in attempting 
to establish a cause for the lesions in the lungs described here. Among 
these are marked chronic emphysema, passive hyperemia and edema 
of the lungs; infection (bronchopneumonia, multiple abscesses and 
bronchitis) ; diabetes mellitus, and perhaps the inhalation of a foreign 
substance, such as oil, although there is no record of this in the clinical 
history. It is not possible to say with certainty which of these or of 
their combinations caused portions of the elastic tissue of the lung to 
become inert, thereby stimulating a so-called foreign body tissue reac- 
tion. Chronic passive hyperemia itself does not seem to have been 
such an important etiologic factor in the production of these lesions, 
because such changes are not found regularly in the lungs of patients 
dying with cardiac decompensation. Further, elastic fiber inclusions 
of giant cells have been found in many places other than the lungs 
and where venous stasis was not present.’ The distention of the lungs 
and the rupture of the elastic fibers with emphysema may be important. 
There are no statements on record concerning changes in the elastic 
tissue in diabetes mellitus, but possibly in diabetic lipemia, fats are 
deposited in tissues and alter them so that they become inert or 
that the fibers are altered in some way by the acidosis of diabetes. 
The predominance of the lesions in and about the bronchial tissues 
suggests the possibility that some foreign (oil) substance may have 
entered the bronchioles and caused the necrosis which initiated the 
chemical changes of some of the elastic tissue of the lung. Superim- 
posed infection or infection alone in a diabetic patient may be important. 


SUM MARY 


Granulation tissue containing many multinucleated foreign body 
giant cells has been found in the lung of a diabetic patient with chronic 
bronchitis. The inclusions of the giant cells were connective tissue 
fibers reacting in a modified way with the stains for elastin, but not 
with the microchemical tests for iron and calcium. Some of these 
fibers were distributed loosely in the lung without chronic tissue reac- 
tions. Emphysema of the lungs and chronic bronchitis seem to have 


had an etiologic relation to these lesions. 
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THE ROLE OF THE MICROGLIA IN THE FORMATION 
OF THE AMYLOID BODY 


ARMANDO FERRARO 


Although numerous investigators * have tried to solve the problem 
of the origin of the amyloid bodies, no definite conclusion has been 
reached as to the elements that participate in the formation of these 
characteristic structures. 

Here and there mention is found of the origin of amyloid bodies 
from nerve cells, nerve fibers, glial cells or hematogenous elements 
Without entering into the details of the various theories, I shall briefly 
summarize the views that have been expressed as to their origin. 


THEORIES AS TO ORIGIN OF AMYLOID BODIES 
Neurogenic Theory—Among the advocates of a neurogenic origin 
are Catola and Achucarro,’ Wolf,? Marchand,* Scheffer * and Stroebe,° 
who expressed the belief that amyloid bodies originate from axis 
cylinders or from myelin sheaths or from both. Omorokow ° said that 


nerve cells must be considered as the source of origin of such bodies. 
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Gamna ° said that degenerated products originating from axis cylinders 
and nerve cells may precipitate in the interstitial tissue and form amyloid 
bodies. 

Gliogenic Theory.—Some of the investigators, among whom are 
Redlich,’ Obersteiner,? Nambu,? Omorokow ' and Klebe,* have pointed 
out the probability of the amyloid bodies being developed from the glial 
elements. They have observed that amyloid bodies are found mostly in 
locations where the glia cells are most prominent, namely, the subpial 
and subependymal layers and in the vicinity of the blood vessels. 

Nambu, working with Weigert’s glia stain, was even able to demon- 
strate changes in the nuclei of the glial elements which he interpreted 
as a beginning amyloid change. 

Obersteiner pointed to the presence in the glia cells of peculiar 
globular bodies, which he thought were amyloid material. 

In 1927, Uyematsu,’® in confirmation of a view advanced by Shi- 
moda *? in 1918, claimed that amyloid bodies are formed through swelling 
of the prolongments of the astrocytes. 

While the majority of authors concerned in the gliogenic theory 
refer to glia cells in a general way as the source of origin of amyloid 
bodies, a more definite distinction is found in the work of Ford-Robert- 
son,’* who first described the so-called mesoglia. In Ford-Robertson’s 
conception, the mesoglia is a glia of mesodermic nature that includes 
what later was described by del Rio Hortega as the microglia and the 
oligodendroglia. Among the pathologic conditions that may affect the 
mesoglia, Ford-Robertson mentioned merely its transformation into an 
amyloid body. He did not illustrate this transformation, however, with 
either description or pictures. 


Lymphogenic Theory—Among the sustainers of the lymphogenic 
theory have been Alzheimer,’* Stiirmer,! Siegert + and Bertrand,’* who 
believed that amyloid bodies are a result of the precipitation of the 
circulating tissue fluids. 
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Hematogenic Theory——-A few authors think that amyloid bodies 
are the result of disintegrated blood elements (von Recklinghausen,°® 
Touton °). 

Postmortem Theory.—Stilling ® expressed the belief that amyloid 
bodies are the result of postmortem changes. 


OBSERVATIONS 


In the course of a pathologic survey of Ammon’s horn in epileptic 
persons I have noticed that in the majority of the cases this structure 





« 


Fig. 1—Accumulation of amyloid bodies treated with Lugol’s solution and 
sulphuric acid. 


presents a considerable number of amyloid bodies. These were definitely 
proved to be amyloid bodies by their typical staining reaction with iodine 
and sulphuric acid and also by their reaction to methyl violet. They 
stain a dark brown with the former, blue with the sulphuric acid, and 
purplish red with the methyl violet. They also stain blue with the Nile 
blue sulphate and a pale blue with hematoxylin. With Best’s method 
for glycogen they stain pale red and are not soluble in water. 

By del Rio Hortega’s method the corpora amylacea are stained 
different densities of purple, some being very light and others dark, 
almost black. They are best brought out when the sections are allowed 
to remain in the gold toning solution somewhat longer than is required 
in the toning of the glial cells after silver impregnation. 
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I have been fortunate enough to secure in my material a successful 
impregnation of the amyloid bodies, which has allowed me to make a 
thorough study of their morphology and has enabled me to trace the 
various steps from their origin to their full development. 
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Fig. 2.—Amyloid bodies. This and subsequent figures represent sections 
impregnated with silver carbonate by the method of del Rio Hortega. 


If one looks at a section stained with compound solution of iodine 

| (fig. 1), one is struck by the large number of these amyloid bodies, 
which are scattered throughout the section, but with a tendency to group 
themselves along the periphery of the blood vessels. 
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The area in which the amyloid bodies are found in larger number is 
the dorsal margin of the fissura hippocampi, an area in which glial cells 
are normally prevalent, and in the white substance underneath the fascia 
dentata. In eight of ten epileptic brains that I studied the fissura hippo- 
campi seemed to be the site of predilection for the accumulation of 
amyloid bodies. 

In order to study more carefully the morphology, as well as the 
derivation of these bodies, I have made extensive use of impregnation 
with silver by del Rio Hortega’s method as modified by Globus and 
Penfield. 

In figure 2, taken from a section impregnated with silver, it may 
be seen that amyloid bodies are scattered throughout the section and 
that some of them definitely have processes. The impregnation with 
silver is more or less intense; some of the corpora amylacea are partly 
impregnated, while others are almost black. The fact that some of the 
amyloid bodies disclosed prolongments led me immediately to a more 
careful study of the cellular elements from which the amyloid bodies 
might derive. 

From a careful study of my slides I reached the conclusion that 
amyloid bodies are derived from the amyloid degeneration of microglial 
elements. 

The first step in the transformation of a microglia into an amyloid 
body is a degenerative process of the nucleus. The normal nucleus is 
usually filled with chromatin bodies located all around the periphery, 
as well as in the center of the structure (fig. 3). Whenever the amyloid 
degeneration takes place, the nucleus loses its chromatin mainly in its 
central portion. Chromatin bodies may still be seen at the periphery of 
the nucleus, but its central portion acquires a characteristic glassy, 
homogeneous appearance. Figure 4 illustrates this very early stage of 
the transformation. 

While the nucleus undergoes the amyloid degeneration, changes 
occur in the cell body and its prolongments. There are two types of 
reaction of the cell body. The most common one is a breaking down 
of the cell membrane and the less frequent one is an acute swelling of 
the cytoplasm. 

The prolongments in both cases usually undergo, very early,, clas- 
matodendrosis, that is, fragmentation. Figure 5 demonstrates the frag- 
mentation of the prolongments, whereas, the nucleus of the microglia 
cell undergoes a more complete amyloid degeneration. 

A further step in the production of the amyloid body is the libera- 
tion of the degenerated’ nucleus into the surrounding tissue. This 
liberation may be followed in its various stages, and formations are seen 


in which one or more prolongments are still faintly attached to the 
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Fig. 3.—Microglial cell the nucleus of which shows normal chromatin content. 








Fig. 4—The initial stage of the transformation of a microglial cell into an 
amyloid body. Note the homogeneity and glassy appearance of the nucleus. 
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Fig. 5—A further stage in the transformation of a microglial cell into an 
amyloid body. Note the appearance of the nucleus and the fragmentation of the 
prolongments. 





Fig. 6.—A well advanced stage in the transformation of a microglial cell into an 
amyloid body. Note the almost complete liberation of the nucleus and the faintly 
attached prolongments. 
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amyloid body (fig. 6). Rarely it happens that the prolongments also 
undergo a kind of degeneration, the result of which is the formation of 
small fragments, some of which are roundish; this degeneration may 
account for the existence here and there of very small amyloid granules. 

In its final transformation into an amyloid body the nucleus of the 
microglia cell may retain its triangular or oval shape, pointing still io 
the microglial nature of the transformed substance (fig. 7). Generally, 
however, the amyloid substance has a tendency to acquire finally a 
roundish appearance that at a certain point makes its differentiation 
from the analogous structure derived from the oligodendroglia almost 
impossible. It is only through the study of the various stages of trans- 
formation that one acquires certainty as to the elements from which the 
amyloid body originates. In some instances, however, the amyloid body 
still retains an elongated oval shape, the morphology of which recalls 
the nucleus of the so-called rod cells (Stabchenzellen). It must be said, 
however, that sometimes this elongated appearance is misleading and 
derives from the conglomeration and fusion of two or three nuclei, either 
of microglia or of oligodendroglia cells. As a matter of fact, it is pos- 
sible here and there still to detect two or three original nuclei in their 
process of fusion to form an elongated amyloid body (fig. 8). 

The other way of transformation of a microglia cell into an amyloid 
body is the one that produces first a condition of acute swelling of the 
cellular element. 

As already proved by previous work (Meduna,'® Ferraro and Mor- 
rison,'® Vizioli '* and others), microglia elements undergo also a degen- 
erative process of the swelling type in which a more or less considerable 
- ring of swollen cytoplasm is found surrounding the nucleus. In the 
event that the prolongments characteristic of the microglia have already 
undergone clasmatodendrosis in the stage of roundish transformation of 
the nucleus, the differentiation between microglia and oligodendroglia 
becomes at times very difficult. From the stage of acute swelling the 
microglial cell may gradually undergo amyloid degeneration. The pro- 
cess also originates in the nucleus and leads gradually to the liberation 
of the amyloid body into the surrounding tissue. 

My conception of the transformation of the microglia cell into an 
amyloid body contrasts with that of del Rio Hortega,'* 
the belief that the amyloid body penetrates into the microglia cells, 
but is not the result of the degeneration of the cell itself. According 
to del Rio Hortega the penetration of the amyloid material into the 


who expressed 


15. Meduna: Arch. f. Psychiat. 82:123, 1928. 

16. Ferraro, A., and Morrison, L. R.: Psychiatric Quart. 2:506, 1928. 
17. Vizioli, F.: Riv. di neurol. 2:365, 1929. 

18. del Rio Hortega: Bol. de la Soc. espafi. de hist. nat. 25:127, 1925. 











Fig. 7.—Fully developed amyloid bodies. One of them has a beanlike appear- 


ance, recalling the nuclei cf some microglial cells. 
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Fig. 8.—Elongated amyloid bodies resulting from the fusion of two or three 


nuclei. 
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microglia is not, on the other hand, the result of phagocytosis, but is 
the result of an impregnation of the cytoplasm, or of a prolongment, 
of the microglia by amyloid substance, which acquires a roundish aspect 
only after its condensation inside the microglial element. 

According to del Rio Hortega the phases of the penetration of the 
amyloid into the microglia cell are: (1) occurrence in the interstitial 
tissue of amyloid material derived from normal metabolism or from 
disintegrated nerve cells; (2) stasis in the circulation of the interstitial 
plasma, thus favoring the stagnation of the dissolved amyloid material ; 
(3) collection of the amyloid substance outside the microglial elements ; 
(4) lowering of the cellular tension, thus favoring the penetration of 
the amyloid substance into the cell plasma; (5) intracellular crystalli- 


zation of the amyloid body into the microglial cell.’® 


THE ROLE OF THE OLIGODENDROGLIA IN THE 
FORMATION OF THE AMYLOID BODY 


ARMANDO FERRARO AND L. A. DAMON 


As pointed out in the previous section, the amyloid body originates 
from the microglia cell the nucleus of which undergoes a gradual amyloid 
degeneration. Because of the fact that the oligodendroglia and the 
microglia both form the so-called third element of Cajal, constituting 
also the mesoglia of Ford-Robertson, we have centered out attention on 
the oligodendroglial element, which has not been considered in the first 
note. 

A careful study of numerous sections specifically impregnated with 
silver carbonate by the method of del Rio Hortega has allowed us to 
make a fortunate survey of the various stages of transformation of 
oligodendroglia cells into amyloid bodies. 

It seems to us that the first step toward a transformation of the 
oligodendroglia cell into an amyloid body is generally the condition 
known as acute swelling, first described by Penfield and Cone. Figure 9 
illustrates such an early stage of transformation of the oligodendroglial 


19. A note appearing in the November issue of the Proceedings of the Society 
for Experimental Biology and Medicine (28:172, 1930) reports the results of 
Grayzel, Jacobi, Maslow and Warshall in experimental amyloidosis. These 
authors have succeeded in producing diffuse amyloidosis by repeated subcutaneous 
or intramuscular injections of 5 per cent aqueous suspension of sodium caseinate. 
In the summary of their results it is reported that amyloid bodies first appeared 
in the spleen, then in the liver and later in the kidneys. In each instance amyloid 
substance was first noted within cells of the reticulo-endothelial system. The 
observations clearly demonstrate the intracellular crigin of amyloid substance, thus 
harmonizing with my own observations of the intracellular origin of the amyloid 
body in the central nervous system. 
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cell into an amyloid body. It may be seen that while the cytoplasm 
is swollen and distinctly recognizable, the nucleus has lost some of its 
chromatin bodies and has acquired a particular glassy, homogeneous 
appearance. The prolongments may still be seen in moderate amount 
and undergoing fragmentation. 

In a further stage the degenerated nucleus invades more or less 
the whole cellular element, and the amyloid body would acquire its 
whole individuality were it not for the presence of one or two prolong- 
ments that still establish the cellular origin of the structure. Figures 
10, 11 and 12 illustrate the occurrence of amyloid bodies to which 
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Fig. 9—Swollen oligodendroglial cells with nuclei undergoing amyloid degen- 


eration. 


two, and later, one, prolongment still remains attached. Figure 10 
clearly shows that a certain amount of cytoplasm is still visible at the 
site of origin of one of the two prolongments. ‘The cellular nature 
of the element from which the central structure derives cannot be 
questioned in the aforementioned case. In figure 11 a definite amount 
of swollen cytoplasm is still detectable over the upper portion of the 
amyloid body opposite to the origin of the process that is still attached 
to the cell. Figure 12 illustrates also the occurrence of a small vacuo- 
lated ring of cytoplasm still surrounding the amyloid body, to which 
a long prolongment is attached. Morphologically, no difference is 























a NA 





240 ARCHIVES OF PATHOLOGY 





a 4 eervene <*? bat aims . suai AS 


Fig. 10.—Amyloid degeneration of an oligodendroglial cell still possessing two 
prolongments. 
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Fig. 11—Amyloid degeneration of an oligodendroglial cell still showing one 


prolongment; swelling of part of the cytoplasm is also demonstrated. 
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Fig. 12—Amyloid body with prolongment pointing to its cellular origin. 
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Fig. 13.—Swollen oligodendroglial cell containing a full-formed amyloid body 
derived from the nucleus of the cell. 
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Fig. 14.—Two amyloid bodies contained in the remnants of cellular structures 
undergoing fragmentation. 
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Fig. 15—Three amyloid bodies collected in a cluster, recalling the normal col- 
lection of oligodendroglial cells. 














FERRARO-DAMON—AMYLOID BODIES 243 


evident between the amyloid body in question and the other smaller 
ones scattered in the same field. 

At a later stage the oligodendroglia cell loses all its prolongments, 
and the amyloid body may appear located at the center of the cellular 
formation surrounded by more or less cytoplasm clearly pointing to 
the nuclear origin of the central mass. The resulting picture is mor- 
phologically identical with the acute swelling that occurs in oligoden- 
droglia cells, the difference residing in the chemical reaction of the 
nucleus, 

That the structure from which the amyloid body derives is a cellular 
structure is also proved by the fact, as shown in figure 14, that the 
amyloid body may at times be present in the center of a cellular element 





Fig. 16.—Collection of normal oligodendroglial cells in clusters of two and 
three elements. 


undergoing a process of breaking down of both cell membrane and 
prolongments. There is no doubt in our mind as to the cellular nature 
of the original elements, nor of the amyloid nature of the central bodies, 
which are identical with other free amyloid bodies detectable in the 
same section. 

We have also centered our attention on finding collections of two 
or three amyloid bodies in various stages of formation, recalling the 
normal collection of oligodendroglia cells. Figure 15 clearly demon- 
strates the collection of three amyloid bodies, one of which still retains 
a few prolongments, recalling with striking identity the collection ot 
oligodendroglia cells as it occurs in rormal tissue (fig. 16). 

In conclusion it may be said that by the method of del Rio Hortega 
one is able to follow the sequence of events in the production of corpora 


amylacea from the oligodendroglia cells. The advocates of other origins 
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of the amyloid bodies have failed to demonstrate a like sequence of 
events. That the amyloid bodies are developed from the nucleus of 
the oligodendroglia seems to be fairly well brought out by our investi- 
gation. Whether the oligodendroglia is the only element in addition 
to the microglia from which the amyloid bodies can develop is a 
question that should be left open for further investigation. All that 
we can say is that, at least in the brain, we have failed to encounter 
other structures that would suggest a transformation into amyloid 
bodies. Control staining by the Nissl method, the Cajal method or 
the Bielschowsky method for axis cylinders has been unsuccessful in 
our hands in establishing any derivation of the amyloid bodies from 
such structures. Our aim has been to establish only the new fact that, 
irrespective of their sources, oligodendroglial cells degenerate into amy- 
loid bodies and that the degeneration is primarily a degeneration of 
the nucleus. This degeneration can be especially well studied in cases of 
epilepsy, particularly in Ammon’s horn, as this region has already been 
recognized as one of the most sensitive regions of the brain owing 
to a defective vascular supply (Uchimura*’). It is possible that 
through repeated injury due to paroxysmal vasospasm insufficient nutri- 
tion takes place, which is followed by the degeneration of oligoden- 
droglia into amyloid substance. Whether or not the first stage of 
reaction is always a condition of acute swelling is a matter for specu- 
lation, but while acute swelling is a reversible pathologic condition, 
once the amyloid degeneration has taken place in the cellular element 
the condition is presumably permanent. 


20. Uchimura, J.: Ztschr. f. d. ges. Neurol. u. Psychiat. 109:501, 1927. 











SEPTIC PERITONITIS IN MAN DUE TO BACILLUS 
SORDELLII 


REPORT OF A CASE * 


IVAN C. HALL, Px.D. 
AND 

SAMUEL H. GRAY, M.D. 
DENVER 


To the present, only seven strains of Bacillus sordellii have been 
reported. The first two of these were recognized in man in 1922 by 
Sordelli * at Buenos Aires in a gangrenous postoperative infection and in 
a gangrenous wound following a fracture, and in view of the apparently 
intermediate position of the organism between B. ocdematiens (B. novyi) 
and B. sporogenes, he named it Bacillus oedematis-sporogenes.* 

A second series of three cultures was recovered by Meleney, 
Humphreys and Carp from a fatal postoperative infection and from 
two samples of catgut in the Presbyterian Hospital in New York. 
Not knowing of Sordelli’s work, and supposing they had discovered 
an entirely new species of anaerobic bacillus, the New York investi- 
gators gave their cultures the name Clostridium oedematoides.* In 
the meantime, Hall and Scott * had confirmed the distinctive properties 
of B. oedematis-sporogenes, but considering the trinomiai to be invalid 
and both of its components to be easily confused with names of other 
species, if used in a binomial, they renamed the South American cul- 
tures Bacillus sordellii in honor of their discoverer, and on purely 
morphologic and cultural grounds suggested the possibility of an identity 
with Cl. oedematoides. Their actual identity was later proved by careful 
morphologic and cultural comparisons and by tests for cross-protection 
with specific antitoxins; this research was carried on independently by 
Humphreys and Meleney * and by Hall, Jungherr and Rymer.* 


* Submitted for publication, Jan. 12, 1931. 

*From the departments of bacteriology and public health, and pathology, 
University of Colorado School of Medicine and Hospitals. 

1. Sordelli, A.: Rev. Asoc. méd. argent. 35:308, 1922; Compt. rend. Soc. de 
biol. 87:838, 1922; 89:53, 1923. 

2. Sordelli, A.: Rev. Asoc. méd. argent. 36:52, 1923; Rev. del Inst. Dept. 
Nac. de hig. 3:1, 1923. 

3. Meleney, F. L.; Humphreys, F. B., and Carp, L.: Proc. Soc. Exper. Biol. 
& Med. 24:675, 1927; Surg. Gynec. Obst. 45:775, 1927. 

4. Hall, I. C., and Scott, J. P.: J. Infect. Dis. 41:329, 1927. 

5. Humphreys, F. B., and Meleney, F. L.: Proc. Soc. Exper. Biol. & Med. 
25:611, 1928. 

6. Hall, I. C.; Jungherr, E., and Rymer, M. R.: J. Infect. Dis. 45:42, 1929. 
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Hall * later received two additional cultures from L. R. Vawter of 
Reno, Nev., which had been isolated in 1921 from cattle suffering with 
icterohemoglobinuria ; these were shown to be morphologically, cultur- 
ally and serologically similar to the South American and New York 
strains. 

We now report a new strain recovered from the heart blood and 
peritoneal cavity at autopsy in a case of peritonitis in which no opera- 
tion was performed. We thus record the probability of the occasional 
origin and residence of B. sordellii in the intestinal tract of man, as 
well as its occurrence in a fourth geographic location. This is also 
believed to be the first instance in which there has been described an 
infection with B. sordellii without previous operative or recent external 
trauma. 


ABSTRACT OF CASE HISTORY 


J. C., an obese Negro, aged 55, admitted to the hospital on Sept. 17, 1929, gave 
a history of syphilis and gonorrhea and of a paralytic stroke in April, 1928, with 
partial recovery followed by periods of intermittent delirium. The results of the 
physical and routine laboratory examinations have no particular significance in 
relation to the terminal infection and are therefore omitted. Suffice it to say that 
a diagnosis of chronic myocarditis with decompensation, hypertension and arterio- 
sclerosis was made. 

The patient was kept in bed, but with difficulty, owing to his mental confusion. 
He was placed on a milk diet and given epsom salts and digitalis and repeated 
colonic irrigations. There was considerable incontinence, and the odor of the 
feces was offensive. - 

During the first two weeks the temperature fluctuated between 98 and 100 F.; 
his general condition gradually grew worse, and he died on October 6. Forty- 
eight hours before death the temperature, which had been normal, began to rise, 
reaching 101 F. in about twenty hours; it then dropped back to normal, but 
quickly shot up to from 104 to 104.4 F., at which it remained until shortly before 
death. During the last four days the pulse rate fluctuated between 110 and 130. 
The respiratory rate also increased from a previous average of about 22 to about 
40 a minute twenty-four hours before death, but the breathing was so shallow 
toward the end that the respirations could scarcely be counted. Simultaneously 
with the rise in temperature much mucus and later bright blood appeared in the 
stools and continued to ooze from the rectum until the patient died. 


Autopsy.—The body was cooled as quickly as possible to about 4 C.; autopsy 
was performed twenty-two and one-half hours after death. Only those features 
of the gross and microscopic picture that might have a bearing on the bacteriologie 
observations will be mentioned. 

The peritoneal cavity contained about 1,000 cc. of slightly yellow, turbid fluid. 
Two sections of the sigmoid were markedly reddened, and almost hemorrhagic, 
and one of these was adherent to the iliac crest by fresh fibrinous exudate. The 
peritoneum was also slightly injected. There were a few old pleural adhesions 
posteriorly, but no free fluid. There was a small amount of straw-colored fluid 
in the pericardium. 


7. Hall, I. C.: J. Infect. Dis. 45:156, 1929, 
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The diagnosis of chronic heart disease with hypertension was confirmed. There 
was no macroscopic or microscopic evidence in the heart of the specific terminal 
infection. 

The right lung weighed 610 Gm. The posterior and upper part of the upper 
lobes were deep red and were somewhat raised; on section a moderate amount 
of fluid could be expressed. Microscopically, the alveoli were emphysematous, 
and in places the walls were thickened. Some of them contained serum and a 
few polymorphonuclear leukocytes. The walls of the blood vessels were thick. 
The left lung weighed 370 Gm., varied in color from gray to pink, mottled with 
black, and contained air throughout, with emphysema in many sections. 





Fig. 1—Photomicrograph showing gram-positive bacilli, thought to be B. sor- 
dellii, diffusely distributed through the submucosa of the sigmoid, as seen with the 
high dry lens (Gram stain). 


There were a few small hemorrhages in the ileum and jejunum. The sigmoid 
was adherent to the peritoneum near the crest of the ileum by a fresh fibrinous 
exudate, and both sigmoid and rectum contained three circumscribed deep red 
areas with thickened and ulcerated mucosa. On section the entire wall was swol- 
len, hemorrhagic and necrotic, and at one point there had been an acute inflam- 
matory reaction over its peritoneal surface. At this point the entire wall was a 
thick layer of edematous hemorrhagic tissue, in which one could see dull gray 
or opaque yellow streaks. This process extended to the peritoneum and at the 
site of the peritonitis extended through it. The blood vessels in the region of 
these areas showed no change. 








Se a 





sieatatl mRpASY ytneK meee EE SS 
LE pe NE PR gE 


a ean gee 





248 ARCHIVES OF PATHOLOGY 


Several sections taken through the intestine, especially at the site of the local 
peritonitis, revealed an infection of the entire wall. 

The mucosa of the sigmoid was entirely necrotic and was replaced by a sero- 
fibrinopurulent layer with clumps of bacteria deposited on the surface. 

The submucosa was thick and edematous and laden with polymorphonuclear 
leukocytes, zones of hemorrhage and small clumps of bacteria. The upper part 
of the submucosa was necrotic, but less so than the mucosa. 

In the muscular coat only few good muscle cells were seen. For the most 
part, the cells were vacuolated or had been entirely destroyed by an exudate simi- 
lar to that in the submucosa, but less intense. 





Fig. 2.—Photomicrograph showing gram-positive sporulating bacilli, thought 
to be B. sordellii, in the submucosa of the sigmoid as seen with the oil immersion 
lens (Gram stain). 


The serosa was also the seat of an inflammatory reaction, and the walls of 
several of the arteries were necrotic and infiltrated by polymorphonuclear leuko- 
cytes. 

Tissues stained by Gram’s method showed large masses of gram-positive bacilli 
and cocci and gram-negative bacteria in the mucosa, but only large gram-positive 
bacilli with subterminal spores in the submucosa, muscularis and serosa (figs. 1 
and 2). 

The liver weighed 1,350 Gm., and was reddish brown and firm, with indistinct 
markings on section. The central veins were congested, and the adjacent cells 
had apparently undergone postmortem necrosis and vacuolization. 
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Bacteriologic Examination—Unfortunately no bacteriologic work was done 
prior to death. At autopsy blood was secured from the heart by means of a sterile 
Pasteur pipet plunged through a seared area on the right ventricle. As in most 
cases of septicemia, the blood was still unclotted. Direct microscopic examination 
of stained smears showed the presence of numerous large gram-positive rods. 

Primary culture was made in deep brain medium; on incubation gas and 
turbidity developed, which were shown to be due to a mixed culture of thick 
gram-positive rods and slender gram-positive rods. Subculture on a blood agar 
plate proved that no aerobic bacteria were present, and the failure of a culture in 
milk (constricted tube) to show the stormy fermentation characteristic of B. 
welchii enabled us to exclude the presence of this organism. A difference in the 
size of the colonies in deep agar enabled us to distinguish between the two species 
of anaerobic bacilli that were present, and by repeated picking of such colonies 
we secured pure cultures of each. 

The slender rod forming minute colonies proved to be motile and to have an 
oval terminal spore. It fermented dextrose and salicin, with the formation of 
acid and gas, but not lactose, and failed to produce any black discoloration deeply 
in a tube. containing iron-brain medium; neither did it liquefy gelatin on 
incubation for one week. A guinea-pig weighing 250 Gm. inoculated with 2 cc. 
of a seven day dextrose broth culture indicated a lack of pathogenicity. This 
organism was apparently identical with one that we have not infrequently recov- 
ered from peritoneal fluid and occasionally from heart blood in cases of peritonitis, 
but its actual identity is still undetermined. It is closely related to B. tetano- 
morphus, but differs from the latter in its failure to liquefy gelatin and in its 
fermentation of salicin. It is considered to have been a secondary invader of no 
importance. 

We were unprepared to find so unusual an organism as B. sordellit. The pre- 
liminary observation of the pure culture containing the larger rod, in deep agar, 
on blood agar slants under alkaline pyrogallol, and in milk and gelatin in con- 
stricted tubes, suggested either B. bifermentans or B. centrosporogenes, which we 
have occasionally recovered as secondary or incidental invaders in peritonitis ; 
but these species are nonpathogenic for laboratory animals, and it was only the 
marked and characteristic action of the organism on subcutaneous inoculation into 
guinea-pigs that called our attention to the true identity of this new strain of 
B. sordellii, which was later confirmed by the toxin-antitoxin tests. This experi- 
ence showed the close relationship of these species and suggested that not too 
much reliance can be placed on the usually subterminal position of the spore in 
B. sordellii as a means of differentiation from B. centrosporogenes and B. bifer- 
mentans, because young spores of B. sordellii are apt to be centrally located, as 
we ® have previously pointed out. We emphasize the necessity of tests for viru- 
lence and particularly tests for protection with specific antitoxin in the recognition 
of this species. At the same time, it should be recalled that one of our South 
American strains of B. sordellii has never shown any sign of virulence in our 
hands, but such strains can be distinguished from B. centrosporogenes by the 
agglutination test.® 

It suffices here to say that the larger rod from the heart blood showed all of 
the usual morphologic and cultural properties of B. sordellii and was definitely 
identified by means of a horse serum prepared against our South American strain 
of B. sordellii, and also by means of a rabbit serum prepared against the New 
York strain. 


8. Scott, A. L.: Univ. Colorado Stud. 30:102, 1930. 
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An identical organism was present apparently in pure culture in the peritoneal 
fluid, which was carefully collected, precautions being taken to avoid its contamina- 
tion through contact with the pathologist’s fingers and knife. This fluid was 
slightly turbid and slightly green. Microscopically, it contained numerous large 
gram-positive rods; the primary culture of these appeared to be pure and was 
likewise identified as B. sordellii. 

Neither culture differs in any respect from South American, New York and 
Nevada strains, as described in the literature, and it is therefore unnecessary to 
repeat the description of their properties in detail, for which we may refer the 
interested reader to the previous publications. We call attention, however, to the 
protocol of our tests for virulence and antitoxic protection as summarized in 
the table. 

Inspection of the table shows that in each ‘series of tests the protected animal 
was always smaller than the unprotected control, but received a larger dose of 
culture or filtrate, in some cases five times as much. This arrangement of the 
experiments conclusively demonstrated the protective effect of the antiserums and 
confirmed the identity of the new cultures. 


COMMENT 


The final cause of death in this patient was apparently an invasion 
into and through the intestinal wall by B. sordellii, resulting in peri- 
tonitis and septicemia with the profound toxemia that characterizes 
the action of this micro-organism. The intestinal lesion that we found 
was essentially similar to the infected wound described by Meleney, 
Humphreys and Carp, as indicated by the extensive edema of the 
intestinal wall, the infiltration by polymorphonuclear leukocytes, the 
necrosis of the muscularis and the irregular distribution of the bacilli. 

Although the liver showed numerous small areas of necrosis, lack 
of tissue reaction distinguished the changes which we observed in this 
organ from those observed by Meleney and his associates. We are 
inclined to regard the changes in the liver in our case as essentially 
post mortem. 

Tissues from all of the organs were stained by Gram’s method for 
bacteria, but bacteria could be detected only in the suprarenal glands, 
pancreas and kidneys, and it is noteworthy that in these tissues they 
were in the fat and connective tissue around the organs and extended 
into them from the outside only at one or two points. No inflammatory 
reaction was observed in any of these organs on examination of tissues ; 
neither were bacteria demonstrable in the capillaries of the lungs, and 
their presence in the suprarenal glands, liver, pancreas and kidneys 
should probably be regarded as due to postmortem multiplication of 
bacteria present in small numbers in the blood stream at the time of 
death. Thus the process was essentially a fulminating sigmoiditis and 
proctitis, with terminal peritonitis, septicemia and toxemia due to inva- 
sion of the intestinal wall by B. sordellii from the contents of the 
intestine. 
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We are not inclined to think that B. sordelli will be frequently found 
as an infecting agent in man. Dr. Hall has been actively engaged for 
the past eighteen years in collecting and identifying cultures of anaerobic 
bacilli from various sources, without encountering any strains other 
than those that we have mentioned. This experience has covered 
numerous cultures from all parts of the United States and of Europe 
and from South America, as well as many cultures previously isolated 
from human sources. Thus the present case is the only one in which 
this organism was demonstrated in more than 250 autopsies on man 
and examinations of infected wounds, carefully analyzed for anaerobic 
bacilli during the past five years. The fact that B. sordellii forms highly 
resistant spores and is easily cultivated in all of the mediums and 
devices commonly used for anaerobic bacteria suggests that if it were 
common in nature it would have been detected long ago and would 
have been found by many investigators instead of by only four groups. 
Yet its great virulence and the possibility of its occurrence in infected 
wounds and in obstructive and postoperative peritonitis seem to us to 
justify the inclusion of its antitoxin in the polyvalent serums that are 
now being advocated in the prophylaxis and treatment for these condi- 
tions. Several American firms are now preparing serums containing 
antitoxin for B. sordellii. 

SUMMARY 


A case of chronic hypertensive cardiac disease with decompensation 
and multiple hemorrhages, in which there were a terminal peritonitis and 
septicemia due to invasion by B. sordellii from the intestinal tract, is 
described. This is believed to be the first recorded infection by B. sor- 
dellu without operative procedure or recent external trauma in man. 
It clearly indicates the occasional residence of this bacillus in the intes- 
tinal tract of man. This is also the fourth geographic locality to yield 
an infection with this organism. The propriety of including the anti- 
toxin for B. sordellii in polyvalent serums for wound infections, 
peritonitis and intestinal obstruction is emphasized. 











General Review 





AVIAN TUBERCLE BACILLUS INFECTION, WITHI 
SPECIAL REFERENCE TO MAMMALS 
AND TO MAN 


ITS REPORTED ASSOCIATION WITH HODGKIN’S DISEASE * 


ARNOLD BRANCH, M.D. 


BOSTON 


Although Koch! was familiar with tuberculosis of birds, the prob- 
able specificity of the avian tubercle bacillus apparently did not at first 
suggest itself to him. At the Tenth International Congress on Medicine 
in Berlin, in 1890, however, from the evidence of Nocard,? Roux,’ 
Rivolta,* and more especially Maffucci,* he declared that he was will- 
ing to accept the bacillus of tuberculosis of fowls as a separate species, 
though closely related to the mammalian type. He foresaw the impor- 
tant practical problem that would be presented, namely, the question of 
whether this organism was pathogenic for man, a problem which is 
not entirely solved today. As early as 1893, Kruse ® stated that he had 
obtained cultures of avian tubercle bacilli from lesions in man and cat- 
tle and cultures of mammalian bacilli from the bodies of fowls, showing, 
in his opinion, that mammals were not always refractory to infec- 
tion with the avian tubercle bacillus nor birds to infection with the 
mammalian type. In any discussion of this subject the papers of Koch 
and Rabinowitsch ® and of Weber’ on the specificity and identification 
of the organism should also be mentioned as pioneer work. The present 
review is attempted, and seems timely, for the reason that in recent 
years more and more interest has been shown in the pathogenicity of 
avian tubercle bacilli for mammals, as evidenced by the increasing num- 


* Submitted for publication, Feb. 2, 1931. 

*From the Department of Pathology, Harvard Medical School. 

1. Quoted by Calmette, A.: Tubercle Bacillus Infection and Tuberculosis in 
Man and Animals, tr. by W. B. Soper and G. H. Smith, Baltimore, Williams & 
Wilkins Company, 1923. 

2. Nocard, E.: Compt. rend. Soc. de biol. 2:601, 1885. 

3. Rivolta, S.: Gior. di anat., fisiol. e patol. d. animali 21:241, 1889. 

4. Maffucci, A.: Centralbl. f. Bakteriol. 5:237, 1889; Centralbl. f. allg. Path. 
u. path. Anat. 1:409, 1890. 

5. Kruse, W.: Beitr. z. path. Anat. u. z. allg. Path. 12:544, 1892-1893. 

6. Koch, M., and Rabinowitsch, L.: Virchows Arch. f. path. Anat. 190:246, 
1907. 
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ber of cases reported and by the campaign championed in this county by 
Van Es‘ for the eradication of tuberculous fowls. There have also 
entered medical literature reports of the possible etiologic connection 
of this organism with Hodgkin’s disease (L’Esperance*), an obser- 
vation, which, if confirmed, would be extremely important. 


CHARACTERISTICS OF THE AVIAN TUBERCLE BACILLUS 


It is necessary to define at the outset what requirements must be 
fulfilled if a diagnosis of infection with avian tubercle bacilli is to be 
made and to consider cases reported in the literature as authentic only 
when they meet these requirements. All others will be considered as 
probable but unproved, the evidence submitted being insufficient to 
warrant an absolute diagnosis. 

Avian tubercle bacilli are acid-fast organisms that produce tuber- 
culin or sensitize animals to a known tuberculin, preferably avian; as 
first pointed out by Straus and Gamaleia,® they grow more readily on 
ordinary solid culture mediums than the other types of tubercle bacilli. 
The growth is apt to be more moist and glistening than that of the 
mammalian type. On suitable fluid mediums (glycerin broth or syn- 
thetic mediums) growth occurs without the necessity of floating the 
inoculum on the surface, and a sediment as well as a surface pellicle 
forms. Avian tubercle bacilli are more viable in culture mediums than 
mammalian, and the optimum temperature for their growth is higher 
than that for the growth of the mammalian species (from 40 to 43 C.). 
Theobald Smith’s acid curve resembles the bovine type (Bang'). Ren- 
frew, Bass and Johnson,’® using Long’s synthetic medium at py 6.6, 
found that in 4 weeks the py drops to 5.2 and then gradually rises in 16 
weeks to the original, or a slightly higher py. Virulent avian tubercle 
bacilli are pathogenic for fowls and for rabbits after intravenous inoc- 
ulation. In summary, the minimum requirements for a diagnosis of 
avian tubercle bacillus infection are acid-fastness with the capacity 
for forming tuberculin or for sensitizing animals to a known tuberculin, 
growth in suitable fluid mediums after inoculation in the depth of the 
medium and pathogenicity for fowls and rabbits after intravenous 
inoculation. 

It is possible that the requirements may exclude some reported 


authentic cases of infection of man with avian tubercle bacilli. For 


7. Van Es, L.: J. Am. Vet. M. A. 76:396, 1930. 

8. L’Esperance, E. S.: J. Immunol. 16:27, 1929; 16:37, 1929; 18:127 and 
133, 1930. 

9. Straus, I., and Gamaleia, N.: Arch. de méd. expér. et d’anat. path. 3:457, 
1891. 

10. Renfrew, A. G.; Bass, S. L., and Johnson, T. B.: Am. Rev. Tuberc. 20: 
114, 1929. 
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example, Lowenstein was quoted by Krasso and Nothnagel "* as saying 
that pathogenicity for chickens may be lost by passage through man. 
But until more definite methods are introduced for typing tubercle 
bacilli, one is not justified in including them. It must be remembered 
that there are cases of infection of man with acid-fast organisms not 
tubercle bacilli (Cobbett ’*). For example, Dr. Bayne-Jones has writ- 
ten me that he is at present studying such an organism grown from the 
purulent pleural exudate of a child. It is also possible that further study 
may place some of the cases reported here in this group. 

Petroff and Branch ™ described 2 types of colonies from an avian 
culture. One of these was smooth and glistening and the other dry. 
Recently Petroff and Steenken '* showed that the smooth “S” colony 
is virulent for rabbits and chickens, while the “R” colony in like doses 
is not. I have been able to isolate similar cultural dissociates from a strain 
obtained from L’Esperance. This work tends to throw some light on 
the variation in pathogenicity of avian strains and also on their occa- 
sionally atypical macroscopic appearances, cultures having been isolated 
that on solid mediums show a dry growth resembling that of mam- 
malian strains. A purely pathologic anatomic diagnosis is not conclu- 
sive, even though, as will be seen later, the character of the lesion in 
birds is somewhat typical, and though Lowenstein ** (1924) thought that 
there is a definite pathologic picture in man. Some cases of infection 
with avian tubercle bacillus in man are reported on this basis alone. 


AVIAN TUBERCLE BACILLUS INFECTION OF BIRDS AND OF 
MAMMALS OTHER THAN MAN 


Birds.—The following birds are susceptible to infection with avian 
tubercle bacilli: fowls, pigeons, pheasants, pea-fowls, turkeys, swans, 
canaries, finches, parrots, sparrows, arctic swans, vultures, ostriches, 
nandus, ibises, herons, gulls, eagles, crows, ducks and geese (Calm- 
ette*®). Schalk ** found it difficult to infect sparrows and pigeons by 
ingestion, although the disease occurs in them spontaneously. An inter- 
esting fact is that parrots, parrakeets and probably canaries are also 
susceptible to infection with mammalian tubercle bacilli. 


11. Krasso, H., and Nothnagel, H.: Wien. Arch. f. inn. Med. 11:507, 1925. 

12. Cobbett, L.: Brit. M. J. 2:255, 1918. 

13. Petroff, S. A., and Branch, A.: Bull. Internat. A. M. Mus. 12:135, 1929.’ 

14. Petroff, S. A., and Steenken, W., Jr.: J. Exper. Med. 51:831, 1930. 

15. Lowenstein, E.: Ztschr. f. Tuberk. u. Heilstattenw. 7:491, 1905; Wien. 
klin. Wehnschr. 26:785, 1913; Ztschr. f. Tuberk. 41:18, 1924; Med. Klin. 24:1782, 
1928. 

16. Calmette, A.: Tubercle Bacillus Infection and Tuberculosis in Man and 
Animals, tr. by W. B. Soper and G. H. Smith, Baltimore, Williams & Wilkins 
Company, 1923. 

17. Schalk, A. F.: J. Am. Vet. M. A. 72:852, 1928. 
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The lesions of avian tuberculosis in birds are most common in the 
intestines and abdominal viscera. The intestines show ulcers and par- 
ticularly encapsulated masses which project from the serous coats. 
The liver, spleen and abdominal lymph nodes are also studded with 
well demarcated, larger or smaller nodules. Histologically, acid-fast 
bacilli occur in very large numbers in the central vitreous or necrotic 
area, surrounded by mononuclears and foreign body giant cells arranged 
as a shell or sheath around conglomerate tubules. Besides this follicular 
or nodular form characterized by a granuloma with atypical necrosis 
and lack of caseation, of calcification and of typical Langerhans’ giant 
cells, Chretien, Germain and Raymond ** described a pseudoneoplasti¢ 
form which resembles an encephaloid cancer and is composed of a 
proliferation of large polyhedral cells, with infiltration. Graduations 
between the 2 types occur. 


Mammals Other Than Man.'*—Spontaneous lesions have been 
reported in mice (de Jongh), rats, rabbits, swine, cattle, sheep, horses, 
bullocks, monkeys, wallabies, and rat-kangaroos (Lucas *°). Griffith ** 
recently reported 2 cases of infection of the lymph nodes at the hilus 
in guinea-pigs exposed to tuberculous fowls. (Guinea-pigs are gen- 
erally considered resistant. Dogs are apparently not susceptible, though 
Feldman ** reported dissemination after intracerebral inoculation. 
Mice and rabbits are susceptible. Guinea-pigs are resistant, except to 
large doses injected intraperitoneally, following which they succumb 
to septicemia. Plum ** stressed the association of the avian tubercle bacil- 
lus with abortion of cattle. Swine are readily infected by feeding drop- 
pings of infected chickens (Schalk**). They do not, however, show 
generalized tuberculosis, the lesions being confined to the lymph nodes 
(Cornell and Griffith **). Schalk found that 88 per cent of localized 
tuberculous lesions in 30 swine selected at random in North Dakota 
and Western Minnesota were due to avian bacilli. Van Es and 
Martin *° made a similar observation in Nebraska. Dr. Van Es *° sent 


18. Chretien; Germain, and Raymond: Rev. de la tuberculose 4:25, 1923. 

19. For detailed studies see Griffith, F.: Report of the Royal Commission on 
Tuberculosis, Final Report, 1911, pt. 2, vol. 4, p. 167. Eastwood, A., and Griffith, 
F.: Report Local Government Board, no. 88, 1914. Griffith, A. S.: J. Comp. 
Path. & Therap. 38:157, 1925. 

20. Lucas, N. S.: J. Path. & Bact. 28:123, 1925. 

21. Griffith, A. S.: J. Path. & Bact. 33:153, 1930. 

22. Feldman, W. H.: J. Am. Vet. M. A. 76:399, 1930. 

23. Plum, N: Senchenbekampfung 5:62, 1928. 

24. Cornell, R. L., and Griffith, A. S.: J. Comp. Path. & Therap. 43:56, 1930, 

25. Van Es, L., and Martin, H. M.: Univ. Nebraska Coll. Agric. Exper. Sta. 
Research Bull. 30, 1925. 

26. Van Es, L.: Personal communication to the author; J. Am. Vet. M. A. 
70:775, 1927. 
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me an unpublished tabulation of the results of examination of 1,082 
lesions from bovine, porcine, human and avian sources (table 1). By 
reference to table 1, it may be seen that avian tubercle bacilli were 
recovered from 11 of 164 isolated lesions in cattle, from 199 of 258 
discrete lesions in swine, and from 104 of 110 lesions in birds. It was 
not discovered in 394 nonpulmonary lesions in man or in 3 cases of 
Hodgkin’s disease. Plum ** reported isolating both avian and bovine 
tubercle bacilli from a single cow. Cases’ of this sort may be missed 
if chickens, as well as guinea-pigs and rabbits, are not inoculated with 


Taste 1.—The Distribution of Avian Tuberculosis in Mammals (Van Es) 








Instances in Which the Different Instances 
Types of Tubercle  Bacilli in Which 





Were Found in Lesions Lesions 
co A —, Were 
Mam- Neg- 
Material Used malian Bovine Human Avian Mixed ative Total 
Bovine: Isolated lesions, mostly of 
Re = I sasd ek isc dfs cnviesgcedticas 100 ae ‘ae 11 4 49 164 
Bovine: Lesions of skin................ i 4 tes ag os 40 40 
Bovine: Hemorrhagic lymph nodes (no 
PE CB in ten cece sducaeneesiscts fo ta ree a 39 39 
Bovine: Uteri (no lesions)............... a hea om — ae ve 5 5 
Bovine: Generalized lesions.............. oe 58 58 
Swine: Chiefly lesions of isolated lymph 
 eaaeecctacchécndanh hes 6444000556 12 Y ove 199 14 33 258 
Man: Lesions other than pulmonary...._ ... ll 216 ben ae 167 394 
Mar: Hodgkin’s disease................ ine a ae ae sail 3 3 
Sheep: Pulmonary lesions............... ep 1 ae ae on oi 1 
Horse: Culture and lesions............. 2 sea 2 
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NE. sata toads sAaaene ts beds s 65006 0050 vii 1 Soe ae - 1 2 
Pigeons, turkeys and fowis.............. ase aie oo 104 . 5 110 
EN ia. saa chie dpe eReilie ss eabedebie de 1,082 





the original infected material or with different colonies of organisms 
isolated in culture. 

For experimental inoculation the rabbit is the mammal most fre- 
quently used. Intravenous inoculation of large doses results in rapid 
death within 9 days, according to Parker and Spies,** while one is 
accustomed to seeing it occur in from 17 to 25 days. On the other 
hand, small doses administered intravenously are well borne, and the 
animals may survive and develop characteristic purulent joint lesions. 
Petroff and Steenken ** showed that 0.3 Gm. of the “S” colony kills, 
while similar doses of the “R” colony are well borne. Subcutaneous 
inoculation of some strains may kill (Lucas*°). It is customary to 
speak of the former type as death from bacillemia of Yersin, though in 
my experience histologic examination of the spleen, bone marrow and 
liver yields evidence of typical formation of tubercles and, with the 
more virulent bacilli, areas of infarction and necrosis. 





27. Parker, F., Jr., and Spies, T.: Personal communication to the author. 
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Summary.—tIn this preamble it has been pointed out that the avian 
tubercle bacillus is the causative agent in the greatest number of cases 
of tuberculosis in birds, but that apparently some of these are rela- 
tively immune. Some birds, notably the parrot, may be readily infected 
also with mammalian types. In the case of mammals other than man, 
swine show the greatest incidence of avian tuberculosis; it also occurs 
in cattle. Experimentally, mice and rabbits may be infected. 


AVIAN TUBERCLE BACILLUS INFECTION IN MAN 


Clinical Manifestations —Table 2 shows briefly the lesions that have 
been reported. From the table it may be seen that the disease mani- 
fests itself in various forms, the most common being ulcers and 
abscesses of the skin and mucous membranes, renal tuberculosis, a 
septic form simulating typhoid fever, “‘sarcoid” of the skin, dyscrasia of 
the blood and enlargement of lymph nodes. The point stressed by most 
authors is the occurrence of a specific reaction to avian tuberculin in 
much higher dilution than that of mammalian tuberculin. 

Lowenstein,’® in discussing cases of infection with avian tubercle 
bacillus in man, stated that the first stage is accompanied by a long con- 
tinued remittent fever, with elevation of the temperature in the eve- 
ning. A splenic tumor is almost always present. There are three sites 
of predilection for metastases: (1) the bone marrow, (2) the kidney 
and (3) the skin. To these should be added the lymph nodes. 

Cutaneous Lesions: Urbach ** spoke of 4 different types of lesions 
of the skin; he considered the first 3 of these to be hematogenous 
and the fourth to be due to direct inoculation: (1) an aphthous sep- 
ticemic form with changes in bones and joint, (2) a sarcoid-like lesion, 
(3) a gummatous form and (4) a local ulcerous form. 

The ulcers tend to heal and recur. The lesions may be mistaken 
for those of syphilis, atypical tuberculosis, sporotrichosis or even 
leprosy. 

Urogenital Form: The interesting point in the cases of urogenital 
infection is the rapid disappearance of the bacilli following treatment 
with avian tuberculin, some cases having been followed for 6 years 
and longer. In 1 of Joannovic’s *® cases “healing” was apparently 
spontaneous. In Deutsch’s *° case, the kidney was removed and showed 
extensive disease with cavitation. In spite of the long duration of the 
infection, the urinary bladder is usually. not involved or but slightly. 
The bacilli are apt to be intracellular (polymorphonuclear leukocytes) 
and to occur in very large numbers. 


28. Urbach, E.: Arch. f. Dermat. u. Syph. 157:360, 1929. 
29. Joannovic, G.: Wien. med. Wehnschr. 73:22, 1923. 
30. Deutsch, I.: Med. Klin. 24:1883, 1925. 











Lesions of the Bone Marrow: Little at present is known as to the 
lesions of the bone marrow, except that in 2 cases of clinical “poly- 
cythemia rubra” and in 5 of “myelogenous leukemia” avian tubercle 
bacilli were found post mortem (quoted by Lowenstein **). Elias and 
Hitzenberger *' observed that the splenic tumor in such cases is not 
susceptible to roentgen treatment. 

That all cases of polycythemia or leukemia are not necessarily due 
to this organism is suggested by the careful work of Pinkerton ** on 
several cases of an unusual leukemic condition in children. He was 
unable to demonstrate acid-fast bacilli in sections in any of his cases. 


| 
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Pathologic Anatomy.—Pathologic material to date is rather meager, 
consisting of some half dozen autopsies( Lowenstein,’® L’ Esperance * 
and others). Erdheim was credited by Gasui ** with having studied 2 
other cases. The autopsies are summarized individually in later para- 
graphs, with the histories of the cases. Besides these, 1 surgically 
removed kidney was described by Deutsch * and biopsies of skin by 
other authors. 

Spleen: As stated in the clinical discussion of these cases, a sepsis 
followed by localization in one or more sites (i.e., bone marrow, kid- 
neys, skin, etc.) is the rule, and evidence in support of these clinical 
symptoms is found. Thus the spleen was enlarged (260 Gm. and over ) 
at all autopsies. It. may be hard or soft, depending on the duration 
of the disease. There may be no other gross lesions in this organ, or i 
there may be necrosis without caseation. This picture is claimed to be 
histologically characteristic. There is practically no surrounding cellu- 
lar reaction. Tubercle bacilli are reported in the lesion in some instances 
but particularly in the surrounding tissue. I have had the opportunity 
of studying the sections of this interesting type of necrosis from 
L’Esperance’s case. They remind one of the necrotic areas seen in { 
the spleen of a guinea-pig dying of fulminating tuberculosis. In f 
Dugge’s ** case (classed here with the probable group) the foci in the 
spleen were composed of poorly defined cellular aggregations with 4 
much nuclear débris. 

Kidneys: Deutsch *° reported caseous tuberculosis in a surgically 
removed kidney. The kidneys were involved in two autopsies reported. 

Grossly the lesions appeared as small, punctiform, abscess-like foci in 
the cortex and medulla. Histologically these areas were composed of 
polymorphonuclear cells and débris, with acid-fast bacilli in large num- 





31. Elias and Hitzenberger, quoted by Léwenstein (footnote 15, third reference). 
32. Pinkerton, H.: Aleukemic Leukemia and Atypical Leukemoid Conditions : 

Report of Seven Cases Including One of Acute Erythroblastosis, Arch. Path. 

7:567, 1929. i 
33. Gasul, B. M.: Arch. Pediat. 46:67, 1929. 
34. Dugge, M.: Beitr. z. Klin. d. Tuberk. 71:538, 1929, 
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bers, many situated within the phagocytic cells. In 1 case vascular 
changes comparable with those seen in tuberculous meningitis were 
also reported. 

Bone Marrow: In 3 cases reported in which the bone marrow was 
involved, no tubercles were found. L’Esperance described necrosis, 
giant cell formation and granulomatous tissue. In the other 2 cases 
there was fibrosis. 

Lungs: Lowenstein described multiple pea-sized, regular grayish 
foci in the lungs. These foci were composed of an intra-alveolar exudate 
of leukocytes and red blood cells. L’Esperance’s case showed nodular 
areas of consolidation like an interstitial pneumonia. 

Liver: The liver may be enlarged and show either tubercles or 
stippling corresponding to small foci of necrosis. 

Lymph Nodes: The lymph nodes were prominently involved and 
especially attracted attention in 2 cases (Dugge ** and L’Esperance *). 
Dugge reported hilar and mesenteric lymph nodes, each varying in size 
from that of a plum to that of a hazelnut, which were composed of 
poorly defined cellular aggregations with central areas of nuclear débris. 
These often fused to form larger areas. In L’Esperance’s case, there 
was a chain of nodes in the neck which extended down around the 
aorta. I have examined these nodes; the picture is that of a non- 
specific granulomatous chronic inflammatory process. Enlarged cervical 
lymph nodes were also observed in the case of Kerl *° and of Urbach,?* 
in which there was an ulcer at the base of the tongue. 

Skin and Mucous Membranes: Urbach described 4 types of avian 
tuberculosis of the skin: an aphthous septicemic form, with changes in 
bones*and joint, a gummatous form, a sarcoid and a local exogenous 
ulcerous form. The first 3 he considered to be hematogenous. 

The aphthous septicemic form is illustrated in the case reported by 
Kerl and Urbach independently. There were superficial ulcers of the 
tongue, scrotum and mucosa of the lips, tongue and pharynx. The ulcers 
were not typical of tuberculosis, and acid-fast bacilli were not demon- 
strated, but avian tubercle bacilli were grown from the tissue. The 
ulcers tended to heal and reappear, or others developed. There was little 
or no scarring. 

The gummatous type is illustrated by Lipschutz’s ** case. Ulcers 
had appeared 10 years previously on the soft palate, hard palate, nose 
and trunk. There was induration of the upper lip, and an ulcer occurred, 
with sharply demarcated edges and a base covered with red, suppurative 
granulations. The skin showed multiple brownish-red, nodular infiltra- 
tions, slightly elevated, round and plateau-like, with occasional ulcera- 


35. Kerl, W.: Wien, med. Wchnschr. 78:840, 1928. 
36. Lipschutz, B.: Arch. f. Dermat. u. Syph. 120(0.) :387, 1914. 
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tion. Histologically there was a chronic diffuse inflammatory granulation 
tissue, consisting of epitheloid cells, round cells and rarely tubercle- 
like foci with no caseation. Multiple subcutaneous abscesses developed 
later. These ruptured spontaneously and discharged a thick, creamy 
pus containing large numbers of acid-fast bacilli. The abscesses differed 
from the ordinary cold abscess in developing in a few days, with 
intense pain, fever and redness of the skin. 

In summary, Lowenstein stressed the enlargement of the spleen, 
the involvement of the kidney and bone marrow and a histologic picture 
that differs from the usual picture of tuberculosis in (1) the presence 
of disseminated foci in the kidney similar to abscesses, (2) the presence 
of an exudate in the pulmonary alveoli consisting of polymorphonuclear 
leukocytes, (3) the complete absence of proliferative changes and casea- 
tion, (4) the presence of necrosis in the spleen and (5) the large 
number of tubercle bacilli in the foci, their situation being chiefly intra- 
cellular. Involvement of the lymph nodes is also encountered. 


REPORTED CASES OF AVIAN TUBERCLE BACILLUS 
INFECTION IN MAN 


Case 1 (Loéwenstein,5 1905).—A man’s sputum contained acid-fast bacilli with 
characteristics of the avian tubercle bacillus. A pure culture was sent to Rabino- 
witsch and Weber, who confirmed the diagnosis. 


Case 2 (Rabinowitsch,37 1907).—Avian tubercle bacilli were isolated from the 
spleen of a man aged 21. (We have been unable to obtain the original report of 
this case, which was referred to by Lowenstein as authentic.) 


Case 3 (Jansco and Elfer,3* 1910).—Avian tubercle bacilli were isolated from 
the tuberculous mesenteric lymph nodes of a girl aged 8. 


Case 4 (Léwenstein,15 1913).—A girl, aged 3, had fever for about 2 years, 
the temperature rising in the evening to 39 C. (102.2 F.). Otherwise she was in 
good condition, except for night sweats. There was no physical or roentgenologic 
evidence of pulmonary tuberculosis. The urinary sediment contained many acid- 
fact bacilli. She did not react to human tuberculin; to avian tuberculin, even in 
a dilution of 1: 100,000, there was an intense focal, local and general reaction. 
Rabbits inoculated intravenously with the urinary sediment died in from 4 to 6 
weeks, and acid-fast bacilli were grown from the heart’s blood. Chickens inocu- 
lated intravenously died with circumscribed tuberculosis in from 4 to 6 months. 


Case 5 (Léwenstein,1® 1913).—A boy, aged 12, presented a picture very similar 
to that in case 4, except that acid-fast bacilli were found in the kidney only after 
injection of avian tuberculin. The animals inoculated with urinary sediment 
reacted as in case 4. 

Case 6 (Léwenstein,!5 1913).—Multiple infiltrations of the skin and subcuta- 


neous abscesses with ulcers in the nose, mouth and intestine marked case 6. Large 
numbers of intracellular acid-fast bacilli were found, suggesting leprosy. Chick- 


37. Rabinowitsch, L., quoted by Léwenstein (footnote 15, second reference). 
38. Jansco, N., and Elfer, A., quoted by Lowenstein (footnote 26, second 
reference). 
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ens inoculated with the organism died with tuberculosis in 7 months. The organ- 
ism was not very pathogenic for rabbits or for guinea-pigs. 


Case 7 (Lipschutz,3¢ 1914).—A man, aged 20, had suffered since 1904 
from ulcerous processes of the soft palate and 2 years later from similar changes 
in the hard palate and in the skin of the nose. The patient was poorly nourished, 
without obvious disease of any internal organ. The upper lip was indurated and 
was twice the normal size and ulcerated. The base of the ulcer was red and the 
edge sharp, and it extended into the nose. The uvula was absent; the right palato- 
glossus was adherent to the posterior wall of the pharynx; the gums were infil- 
trated, and there was an ulcer in the middle of the hard palate. In 1908, multiple 
lesions of the skin developed. These were elevated, fiat, brownish-red nodules, 
covered with epithelium and occasional small ulcerations. They were well out- 
lined, were round or lobulated, and varied in size from 1 to 2 cm. Some of these 
nodules later involuted and left dirty yellowish, atrophic scars. Still later there 
was an afternoon rise in temperature, and large subcutaneous abscesses developed, 
which ruptured and discharged yellow pus and healed by granulation tissue. The 
pus contained acid-fast bacilli, which produced disease in chickens and not in 
guinea-pigs. 


Case 8 (Joannovic,?® 1923).—A woman in her twenties had bronchitis and a 
temperature of 102.2 F. and later a tumor, the size of a fist, under the left costal 
arch. After several months the urine became clouded, and contained polymorpho- 
nuclear leukocytes and a large number of acid-fast bacilli. Guinea-pigs inoculated 
intraperitoneally did not become infected, but chickens inoculated intraperi- 
toneally with urinary sediment died of progressive emaciation and tuberculosis. 
The patient was treated with avian tuberculin; the temperature declined, and 
tubercle bacilli disappeared from the urine in a year. Six years elapsed, and the 
patient was still well, except for bronchitis and slight elevation of temperature, 
but acid-fast bacilli could not be demonstrated by inoculation of either the sputum 
or the urine into animals. 


Case 9 (Joannovic,?® 1923).—In a voluntary war nurse in her middle twen- 
ties, who previously had been in charge of a chicken house, an evening tem- 
perature of 102.2 F. developed, which did not improve in a mountain climate and 
with sun baths. Later pus developed in the urine, with colon bacilli. Joannovic, 
however, later found acid-fast organisms in large numbers in the urinary sedi- 
ment. This was inoculated into guinea-pigs and chickens intraperitoneally. The 
chickens died of tuberculosis, and the guinea-pigs remained well. The patient 
improved spontaneously, and six years after the onset of her disease appeared 
entirely well. 


Case 10 (Deutsch,?° 1925).—A woman, aged 57, one of whose sisters had 
pulmonary tuberculosis, had, at the age of 14, a mass in the right axilla, which 
was extirpated when she was 28. Seventeen years later a new tumor developed 
at the same site. Ten years before examination laryngitis set in, and the patient 
had been hoarse since. For over a year she had had pains in the region of the 
kidney and pain and tenesmus during urination. The region of the left kidney 
was sensitive to palpation. The axillary lymph nodes were extirpated and 
histologically showed tuberculosis. Cystoscopic examination revealed pus from 
the left ureter; the urinary sediment repeatedly showed acid-fast bacilli. Culture 
on glycerin potato yielded a yellow, moist, confluent growth. Inoculations were 
made into guinea-pigs, rabbits and fowls. The guinea-pigs remained healthy; 
the 2 rabbits died in 3 weeks with sepsis; the chicks, sick after 4 months, were 
killed and examined and showed tuberculosis of the internal organs. The 
patient’s kidney was removed and showed a tuberculous cavitation. 
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CasE 11 (Kerl and Urbach independently, 1925)—A Ukrainian man, aged 31, 
was suddenly attacked by chills and fever, with cough, and a stabbing pain in 
the sternal region, 1% years before examination. On examination the patient 
was greatly emaciated and presented at the junction of the left rib and sternum 
a painful region, which on roentgen examination did not show lesions. There 
was dulness at the apex of a lung, but the x-ray picture revealed active tuber- 
culosis. Several ulcers were present on the tongue, both lips and scrotum. They 
tended to heal and recur. Under observation pain and swelling occurred in the 
knee joint, with acne-like lesions on the forehead, nose and cheeks, while grave 
cachexia and evening fever persisted. Over a year later new ulcers appeared on 
the palate and lips. Intracutaneous inoculation of old tuberculin in a dilution of 
1:10,000 elicited a slight reaction, but that of avian tuberculin was followed by 
an extensive reaction and ulceration. No acid-fast organisms were found in 
smears of the ulcers, but were cultivated. These were pathogenic for guinea- 
pigs, rabbits (on intravenous and intra-ocular inoculation) and fowls. 


Case 12 (Volk quoted by Urbach 28).—In a poultry worker, 12 years previous 
to examination, an ulcer of the left leg developed. There was a history of injury 
to the left external malleolus while the patient was walking barefoot. An intra- 
cutaneous test with old tuberculin in a dilution of 1:1,000 resulted negatively, 
while the reaction to avian tuberculin in a dilution of 1:10,000 was strongly posi- 
tive. Bacilli were not demonstrated in the sections, but Léwenstein grew typical 
avian tubercle bacilli. 


Case 13 (Knossew quoted by Urbach *8).—In a farm worker, 10 years before 
the illness in question, abscesses developed on the right leg, which repeatedly 
healed and broke. He reacted to avian tuberculin in a dilution of 1:1,000,000, and 
much less strongly to old tuberculin. Léwenstein cultivated avian tubercle baciJli. 
The lesions decreased under treatment with avian tuberculin. 


Case 14 (L’Esperance,*® 1930).—This case of Murchison-Pel-Epstein syndrome 
was reported as additional evidence in favor of the etiologic agent of Hodgkins’ 
disease being related to the avian tubercle bacillus, 3 cases of Hodgkins’ disease 
having previously been reported by L’Esperance. After examination of sections 
sent to me, I feel that a diagnosis of Hodgkins’ disease cannot be made on two 
lymph nodes and the spleen; I regard this as a true case of infection with avian 
tubercle bacillus in man, the first to be reported in the English language. 


History—A man, aged 25, who came from the West Indies, noticed an 
enlarged lymph node on the left side of the neck 1% years previous to exam- 
ination. It did not increase in size. For 2% months before his entrance into the 
hospital he had recurring attacks of chills, with a temperature of between 98 
and 104 F. and loss of weight. Physical examination revealed a chain of small, 
discrete cervical nodes on the left, small nodes in the axilla and groin and a 
spleen palpable 4 fingerbreadths below the costal margin. ‘The blood count was 
not distinctive.” An x-ray picture revealed enlarged nodes at the hilus of 
the lungs. 


Autopsy.—Postmortem examination showed scanty, flat, reddish macules in 
the skin over the chest. In the lower lobe of the left lung were nodular areas 
of consolidation and fibrous adhesions. The right lung was pneumonic, there 
being numerous dense, dark red areas. The bronchial and superficial nodes were 
moderately enlarged. The spleen was greatly enlarged and firm, and showed 
numerous opaque, tumor-like nodules. The liver was large and irregularly con- 
gested, with a smooth, waxy surface. Histologically the spleen revealed numerous 
discrete and conglomerate pinpoint-sized to pea-sized focal areas of necrosis, with 
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hemorrhages over the whole surface. There was little cellular reaction of the 
type of Hodgkins’ granuloma, but rather typical myeloid giant cells. The lungs 
were congested, the alveoli were filled with pigmented cells, and around clusters 
of congested alveoli the. septums showed a peculiar interstitial pneumonia, the 
cellular overgrowth being mainly of epithelial cells. The bone marrow in the 
lumbar vertebrae showed necrosis, with myeloid giant cells and a deposit of 
granulomatous tissue. Direct smears of the spleen showed a few acid-fast bacilli 
and cultivation on egg mediums yielded a scant, moist growth resembling that 
of the avian tubercle bacillus. 


Experimental Results—Macerated spleen was inoculated into 4 chickens intra- 
venously (these were also fed splenic pulp), 1 rabbit intravenously, 1 rabbit sub- 
cutaneously, 2 normal guinea-pigs and 2 guinea-pigs that previously had been 
inoculated with heat-killed mammalian tubercle bacilli. One of the chickens, 
killed after 4 months, showed early tuberculous lesions in the liver, spleen and 
lymph nodes. Acid-fast granules were found in stained sections. A second 
chicken, killed and examined after 6 months, showed extensive tuberculosis of 
the liver and spleen. Acid-fast organisms were cultivated on egg medium, the 
growth being similar in appearance to that obtained from the spleen originally. 
No further mention is made of the remaining 2 chickens. The intravenously inoc- 
ulated rabbit died in 20 days, with acute fibrinous pleuritis, small focal areas in the 
liver, consolidation of the caudal lobes of both lungs and a large node in the left 
groin. Cultures from the nodules in the liver on egg medium showed a moist 
growth of acid-fast bacilli with many cultural characteristics of the avian type. 
Macerated tissue from the nodes of this rabbit was inoculated intravenously into 
another rabbit, which died in 22 days with acute septicemia, foci in the liver and 
spleen and cheesy pleurisy. Cultures from the pleural exudate on hormone agar 
and broth were negative, while on egg medium they gave a moist growth of acid- 
fast bacilli. The second rabbit inoculated subcutaneously with the patient’s splenic 
tissue lived 6 months and at autopsy showed generalized tuberculosis. One of the 
“treated” guinea-pigs died 11 months after inoculation, with extensive tuberculosis 
of the lymph nodes, slight involvement of the lungs and a single focus in the liver. 
The other 3 were alive 372 days after inoculation. 

CoMMENT.—Besides the cases mentioned, Lowenstein 15 referred to 1 case of 
polycythemia rubra and 4 cases of myelogenous leukemia from the lesions of 
which at autopsy avian tubercle bacilli were isolated. Gasul ** also quoted a per- 
sonal communication from Professor Erdheim of Vienna in which he stated that 
he had performed autopsies on 2 patients with avian tuberculosis. The bones were 
especially affected, showing necrosis and being filled with avian tubercle bacilli. 
Graham ®° reported finding an “aberrant” strain slightly pathogenic for fowls 
along with an organism of mammalian type in a case of cervical adenitis and in 17 
of 115 tuberculous sputums. 


Rabinowitsch-Kempner *° further quoted the typing of 1,861 cases of human 
tuberculosis by Mollers among which there were 3 with avian organisms. 

In his last paper Lowenstein called attention to a report of the Egyptian Board 
of Health in which urogenital tuberculosis is referred to as the “true plague of 
Egypt.” The frequency of this form of tuberculosis was traced to the fact that 
the natives live in the same room with their poultry. Lowenstein also quoted a 
personal communication from Dr. Brown stating that urogenital tuberculosis is 
common in the Philippines, where the same custom exists. 


39. Graham, R.: Illinois M. J. 50:210, 1926. 
40. Rabinowitsch-Kempner, L.: Am. Rev. Tuberc. 15:225 and 419, 1927. 
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REPORTED CASES OF PROBABLE AVIAN TUBERCLE BACILLUS 
INFECTION IN MAN 


These include all cases in which sufficient data are not supplied to 
enable one to be certain of the identity of the acid-fast organism. 


In this group should be mentioned, as pointed out by Léwenstein (1928), the 
cases published by Landouzy *1 in 1891. He described several cases in which there 
were noted malaise, enlarged spleen and remittent fever of the typhoid type, but 


TABLE 2.—Reported Infections with Avian Tubercle Bacillus in Man 











Reaction to 


Tuberculin 
Sex and ——s———. 
Age of Hu- 
Authors * Year Patient Outstanding Clinical Picture Avian man 
IE PP ied hint cbindebeses 1905 M Pulmonary involvement —esN.«.. . ss eee eee ee 
Rabinowitsch 37................. 1907 we ne NUN fn chop ecg ions 
Jansco and Elfer *5............. 1911 én Lesions of mesenteric lymph .............. 
n 
Tk co occ ccccncscecsc 1913 F Evening fever; renal tuber- + todilution — 
3 yr. culosis of 1:100,000 
RE FFecccc cuscciansrepee 1913 M Evening fever; renal tuber- + todilution — 
12 yr. culosis of 1:100,000 
LCbwenstein 25.........cceccseces 1913 Sad Cutaneous abscesses; ulcers .............. 
of nose, mouth and intes- 
tine 
Re ad ndas ces <dnee cect 1914 M Uleers of palate and of skin .............. 
20 yr. of nose 
Ce ee 1923 F Fever; renal tuberculosis; .............. 
20 yr. tumor of skin 
EE Pi ixcdidebayitvict vas 1923 F Fever; renal tuberculosis — .............. 
25 yr. 
NG Ng e4-ohsoucdéecnkeseeusal 1925 F Tumor of axilla; remal tu- .............. 
57 yr. berculosis 
Urbach 2° and Kerl *5........... 1927 M Septie fever; ulcers of tongue, + todilution — 
1928 32 yr. lips and scrotum; swelling of 1:10,000 
. of knee joint 
Volk (quoted by Urbach 2*).... 1929 M Uleer of leg + to dilution — 
of 1:10,000 
Knossew (quoted by Urbach 78) 1929 M Abscesses of leg + todilution + 
of 1:100,000 
CTA ©... ois. sick ccccssdcvage 1929 M Septic fever; Pel-Epstein’s .............. 


25 yr. syndrome 





* Léwenstein quotes reports on avian tubercle bacilli in 4 cases of myelogenous leukemia 
and 1 of polycythemia rubra; Erdheim (quoted by Gasul **) performed autopsies in 2 cases. 

+= Positive reaction in dilution given. 

— = Negative reaction. 


in which neither typhoid fever nor tuberculosis could be proved. The patients who 
came to autopsy did not show lesions of typhoid fever or gross evidence of tuber- 
culosis, except enlarged spleens containing grayish nodules in which, histologically, 
acid-fast bacilli were demonstrated. Three so-called cases of “typhobacillose— 
Landouzy” were reported by Neuman, Krokievicz, Reiche and Scholz.*1 


41. Landouzy, Neuman, Krokievicz, Reiche and Scholz, quoted by Léwenstein 
(footnote 15). 
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Pansini,*? in 1894, recovered from two guinea-pigs inoculated with tuberculous 
material from man acid-fast organisms that culturally resembled the avian tubercle 
bacillus. Nocard,4? in 1898, inoculated tuberculous sputum into rabbits and guinea- 
pigs. The rabbits were -killed rapidly, while the guinea-pigs survived and at 
autopsy showed lesions that resembled those of avian tuberculosis. Reed,#* in 
1902, reported a case with large areas of necrosis in the spleen, in which tubercle 
bacilli were found. 

In 1922, Lederer 4° reported a case of “avian tuberculosis.” A woman, aged 
49, had an enlarged liver and spleen. Her blood presented the picture of poly- 
cythemia. At autopsy two surprises were encountered: an absence of the marked 
congestion of organs seen in polycythemia and an absence of erythropoiesis of 
the marrow of the long bones. Tuberculosis of the lungs, spleen and kidneys 
was found. Histologically, many acid-fast bacilli were found in the lungs, kidneys, 
spleen and liver, but the histologic appearances were atypical. The lung showed 
caseous pneumonia, with preponderating polymorphonuclear leukocytes, and no 
caseation. In the kidneys were abscess-like foci. The spleen showed necrosis, 
with no tubercle bacilli in these areas, but they were present in the surrounding 
tissue. Miliary tubercles occurred in the liver, and the bone marrow showed blood- 
forming foci, with fibrosis, but no tuberculous lesions. The author thought that 
it resembled tuberculous bacteriemia of a peculiar form, probably due to the 
avian type. 

In 1925, Krasso and Nothnagel 11 reported a case of “atypical (avian?) tuber- 
culosis in myeloid leukaemia.” A man, 45 years old, observed over a period of 
years, had myeloid leukemia and no evidence of tuberculosis. At autopsy 
numerous tubercles the size of hemp seeds were found in the lung, lymph nodes 
and spleen. The tubercles contained massive numbers of acid-fast organisms and 
histologically did not present the typical picture of tuberculosis in man. Cultures 
produced a moist growth, and the organisms were pathogenic for guinea-pigs and 
rabbits, but not for pigeons and chickens. After passage through an animal the 
colonies showed dry growth. 


Although in cultural characteristics this organism resembled the 
avian bacillus, its pathogenicity for animals would place it in the bovine 
group. The work of Petroff showed that tubercle bacilli dissociate and 
form atypical “moth ball” colonies, and Dr. Aronson showed me a 
culture which resembled the avian type, but which in pathogenicity fell 
into the bovine group.” ** Lowenstein, however, apparently accepts this 
case as authentic. 


Two cases were reported from the Mayo Clinic in 1926 (Mayo and 
Hendricks 47), but the diagnosis was made on surgical and pathologic evidence 
alone. In the first case, a woman, aged 26, had secondary anemia and an enlarged 
spleen. The differential blood count showed 4.5 per cent mononuclears, 4 per cent 
transitionals and 9 per cent eosinophils. On physical examination the chest 


appeared to be normal, and no acid-fast bacilli were found in the sputum. Gastric 


42. Pansini, S.: Deutsche med. Wchnschr. 20:694, 1894. 

43. Nocard: Congress pour l'étude de la tuberculose 4:661, 1898. 
44. Reed, D. M.: Bull. Johns Hopkins Hosp. 10:133, 1902. 

45. Lederer, K.: Wien. Arch. f. inn. Med. 5:23, 1922. 

46. Aronson: Personal communication to the author. 

47. Mayo, C. H., and Hendricks, W. A.: South, M. J. 19:29, 1926. 
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analysis showed a total acidity of 20 and no free hydrochloric acid. A splenectomy 
was performed, and the patient convalesced uneventfully. At operation the spleen 
was found to be large and nodular, and the liver was covered with yellow spots 
exactly as seen in chickens and turkeys with tuberculosis. 

In the second case, a woman, aged 22, complained of pain beneath the lower end 
of the sternum and a mass in the abdomen of three months’ duration. Examina- 
tion revealed a large, but not tender, spleen. The hemoglobin content was 72 per 
cent and later 61 per cent. A differential white blood cell count showed 2 per 
cent large mononuclears, 4 per cent transitionals and 1 per cent eosinophils. A 
splenectomy was performed. The spleen was 27 by 15 by 7.5 cm., and the 
pathologist’s report was: “The external surface of the spleen presented numerous 
nodules varying from 1 mm. to 2 cm. in diameter. These nodules (conglomerate 
tubercles) bear a close resemblance to the cortical abscesses of acute purulent 
nephritis. On section the nodules or tubercles stand out in relief, giving the sur- 
face a ‘pebble dash’ effect. Foreign body giant cells are present in some areas. A 
number of tubercles contain a waxy substance instead of the caseous material 
that is often found in tubercles in cases of tuberculosis in man. In many tubercles 
there is no caseation; the center is composed of large epithelioid cells in great 
numbers, which give a characteristic appearance to the avian lesion, in contrast 
to that of human and bovine tubercuiosis. Lymphocytes are relatively less 
numerous than in lesions in man.” The patient left the hospital on the twentieth 
day after operation. 

Urback 28 in 1929 reported two cases of sarcoid, the basis for the diagnosis 
being a stronger reaction with avian than with mammalian tuberculin. In the first 
case, a woman, aged 23, more than three years before examination was under 
treatment for infiltration of the cheek; the lesion was bluish red, with the his- 
tologic picture of Darier-Roussy sarcoid. On examination the left cheek was 
markedly atrophied. On the upper part of the right arm was a bluish-violet 
infiltration the size of a five crown piece, adherent to the underlying tissues, hard 
and seemingly the size of a small apple. The results of clinical roentgen exami- 
nations were negative. The result of an intracutaneous test with old tuberculin in 
a dilution of 1: 50,000 was negative, but the same dilution of avian tuberculin gave 
a markedly positive reaction. Six weeks after this there was a slight reaction to 
old tuberculin in a dilution of 1: 10,000 and a stronger reaction to avian tuber- 
culin in the same dilution. The bluish-violet nodule in the skin had completely 
disappeared. 

The second case reported by Urbach was similar to the first, there being 
sarcoid-like tumors (histologically considered) and a stronger reaction to avian 
tuberculin than to old tuberculin. The patient improved under treatment with 
avian tuberculin. 

The final case, one of typhoid-like sepsis due to an acid-fast bacillus not 
pathogenic for guinea-pigs, was reported by Dugge *4 in 1929. Pathologically the 
evidence favored a diagnosis of infection with avian tubercle bacillus. A man, 
aged 65, was admitted to the hospital in a state of stupor, with a history of eight 
days’ illness beginning with a high fever, stupor, pain in the extremities and neck 
and headache with occasional profuse diarrhea. On examination a stuporous, rest- 
less patient was seen, with cyanosis and incontinence of urine. There was some 
dyspnea ; the lower part of the chest was somewhat dull to percussion, and in this 
area moist rales and bronchovesicular breathing were present. The heart was 
rapid and irregular, with a basal systolic murmur. The pulse was small; the 
abdomen was distended and diffusely tender. No splenic or hepatic enlargement 
was demonstrated until three days later when the spleen was definitely palpable. 
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The specific gravity of the urine was 1.023, and there was a trace of albumin. 
The sediment contained hyaline casts and some red blood cells. The temperature 
remained high. The leukocyte count was 8,360. No typhoid bacilli were found 
in the stool, urine or blood, and the result of the Widal test was negative. The 
patient died in a few days with a diagnosis of typhoid fever. 

At autopsy, the observations positive for infection with tubercle bacilli were: 
The spleen weighed 260 Gm.; it was firm and dark red, with prominent follicles 
and white spots the size of a cherry on the cut surface and under the capsule. 
The coronary arteries showed hardened walls. The lungs were dark red and 
anthracotic, with patches of consolidation. In the lower right pulmonary artery 
were friable red clots. The lymph nodes at the hilus were each the size of a hazel- 
nut, firm and dark grayish red. Each of the mesenteric nodes was the size of a 
plum, firm and of an even yellow consistency. The liver presented subcapsular 
needlepoint-sized white stipplings, also seen in cut surface. 

On microscopic examination, the foci in the mesenteric and bronchial nodes, 
the spleen and the liver showed much the same histology and contained numerous 
acid-fast bacilli. The size of the foci ranged from that of 1 to that of 5 lymph 
follicles, the larger being formed from the confluence of the smaller ones. The 
center was composed of a few small fibrinous strands and cellular detritus, while 
the periphery showed cells with large, oval, vesicular nuclei and the fine reticulum 
of the node. Cultures from the spleen and the liver yielded a rapidly growing, 
acid-fast organism, not pathogenic for guinea-pigs and mice. 

Rulison #8 reported two cases with cutaneous lesions (Hodgkin’s disease and 
lupus erythematosus) in which the reaction to avian tuberculin was more marked 
than that to mammalian tuberculin. 


OTHER UNUSUAL GRANULOMAS POSSIBLY DUE TO INFECTION 
WITH THE AVIAN TUBERCLE BACILLUS 


So-Called Boeck’s Sarcoid.—In 1899, Boeck 4° reported one case and in 1900 
three cases of a peculiar nodular condition of the skin, particularly of the face, the 
etiology of which was obscure. Since then many cases have been reported, the 
etiology being still obscure, with opinions leaning to syphilis, to an unusual form 
of tuberculosis or to a combination of both. Urbach reported two cases of 
sarcoid in which the patients reacted more strongly to avian tuberculin. 

Briefly, the lesions consist of chronic small or large subcutaneous nodules, 
varying in number from one to hundreds, situated usually in the face, but also on 
the extremities and trunk. The nodules require months or years for full develop- 
ment, and are bluish red or brownish red, the color at the periphery fading later 
to a yellowish brown. They may involute and leave pigmented, atrophic scars. 
One may recall that this description is not unlike that quoted by Lipschutz of a 
condition due to infection of the skin with avian tubercle “bacillus, except that 
ulceration does not usually occur and acid-fast bacilli are not demonstrable, cer- 
tainly not in the large numbers reported by Lipschutz. The lesions are made up 
of isolated small tubercles composed of mononuclear cells and separated by fibrous 
tissue. Caseation does not occur. Recently a case of this description was reported 
(Bernstein, Konzelmann and Sidlick 5°) with visceral lesions in the epicardium, in 



























48. Rulison, R. H.: Arch. Dermat. & Syph. 21:901, 1930. 

49. Boeck, C.: J. Cutan. & Genito-Urin. Dis. 17:543, 1899. 
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the wall of the intestine and around the bronchi. Tissue excised in a case of 
Boeck’s sarcoid at the Peter Bent Brigham Hospital, recently studied by the author 
with Drs. Wolbach and Schulz, failed to produce lesions in guinea-pigs, rabbits, 
mice, monkeys and fowls. 


Other Obscure Granulomas.—Wolbach 51 described cases in which similar 
granulomas occurred in the spleen, lymph nodes, liver and lungs, characterized by 
the presence of large, star-shaped inclusion bodies in the cytoplasm of the giant 
cells. No definite opinion can at present be given on the etiologic factor involved 
here. 

METHOD OF INFECTION IN MAN 


All observers agree that, excluding the localized lesions of the skin, 
the mode of entry is by food, and the question of importance concerns the 
source of the infection. Infection would most likely occur through the 
eating of infected organs of fowls or of infected eggs. Since in countries 
where human infection with avian tubercle bacilli has been reported, 
fowls are cooked, and no evidence is at hand to support infection from 
this source, one must focus attention on the occurrence of infected eggs, 
which are often eaten after insufficient heating to kill all the tubercle 
bacilli that may be contained in them. Lowenstein demonstrated 
tubercle bacilli in eggs removed from the cloacas of tuberculous hens 
and showed that eggs artificially infected with avian tubercle bacilli 
and boiled for only a few minutes still harbor living bacilli. Raebiger °* 
succeeded in demonstrating tubercle bacilli in eggs as early as the 
eleventh day after artificial infection of healthy hens with avian tubercle 
bacilli. 

Recent work by Fitch and Lubbehusen ** indicates that probably 
less than 1 per cent of tuberculous hens lay infected eggs. They divided 
their tuberculous hens for study into three groups: (1) those that did 
not lay eggs, (2) those that laid eggs which failed to hatch out and 
(3) those that laid eggs which produced chickens. These chicks appar- 
ently are not usually infected, though Rabinowitsch succeeded in hatch- 
ing out tuberculous young from infected eggs. 


SPECIFICITY OF AVIAN TUBERCULIN 


On the question of the specificity of avian tuberculin, all shades of 
opinion may be encountered, from that of Crawford * and others, who 
present evidence of marked specificity, to that of Van Es and others, 
who think it is a question rather of the strain of bacilli used and of 
the method of preparation and standardization than of a specific reac- 
tion of avian or of mammalian tuberculin. Crawford inoculated one 
group of guinea-pigs with mammalian, and one with avian, tubercle 


51. Wolbach, S. B.: J. M. Research 24:243, 1911. 

52. Raebiger: Beitr. z. Klin. d. Tuberk. 71:209, 1929. 

53. Fitch, C. P., and Lubbehusen, R. E.: J. Am. Vet. M. A. 72:636, 1928. 
54. Crawford, A. B.: Am. Rev. Tuberc. 15:111, 1927. 
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bacilli and then subjected them to cross-tests (cutaneous and lethal 
intraperitoneal reactions) and found marked specificity. Schalk also 
found that in cattle pastured with droppings from tuberculous chickens 
there developed a transitory sensitivity only to avian tuberculin. Lowen- 
stein in cases in man found that reactions occurred with much higher 
dilutions of avian than of human tuberculin. Gasul performed a Pir- 
quet test on 110 tuberculous children who gave positive reactions to 
human and bovine tuberculin and found that they did not react to avian 
tuberculin. Plum ** noticed some specificity in the cattle infected with 
avian tubercle bacilli. On the other hand, Van Es found that of the 
cattle into which he had injected avian tubercle bacilli about half reacted 
to mammalian tuberculin. Dr. Spies had some success in producing an 
avian tuberculin which reacted in guinea-pigs infected with avian bacilli 
in higher dilutions than the ordinary mammalian tuberculin. 

It appears to me that the only way to settle this point is to isolate 
from various strains of tubercle bacilli or their filtrates a substance 
reacting specifically on the skin. In my experience, it is difficult con- 
stantly to sensitize guinea-pigs with avian tubercle bacilli. When they 
give positive reactions the reaction to avian tuberculin is somewhat 
stronger. On the other hand, it is simple to sensitize guinea-pigs with 
human bacilli, and they react somewhat more strongly to mammalian 
tuberculin. In all probability there are present in tuberculin at least 
two substances reactive on the skin, one specific and one nonspecific, 
and the proportions of these in a given tuberculin decide its specificity. 
My own experiences with cases in man are too meager at present to be 
impressive, yet I have seen a case (sarcoid) in which the patient 
reacted as strongly to avian tuberculin as to human, while the majority 
of the patients who react to human old tuberculin give less reaction with 
avian tuberculin. It is a point on which more data are needed, and the 
experiences of the authors quoted suggest it as a fertile field for 
investigation. 


ETIOLOGY OF HODGKIN’S DISEASE 


Etiologically, Hodgkin’s disease has been considered (Stewart and 
Dobson *°) as: (1) an atypical form of tuberculosis, (2) a specific 
infection with a diphtheroid bacillus, (3) a granuloma of unknown 
etiology, (4) a neoplasm and (5) an initial granuloma which may 
become neoplastic (Yamasaki**). In general it may be said that no 
one of these possibilities is universally accepted. It is therefore with 
aroused interest that one reads the report of L’Esperance, who attacked 
the problem from the point of view of the lesion being an atypical form 
of tuberculosis due to the avian bacillus. Her experiments are reported 


55. Stewart, M. J., and Dobson, J. F.: Brit. J. Exper. Path. 5:65, 1924. 
56. Yamasaki, M.: Ztschr. f. Heilk. 25:269, 1904, 
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here in some detail. Operative material from 2 fresh cases of histo- 
logically characteristic Hodgkin’s disease (one from the New York 
Hospital and the other from the Memorial Hospital, New York) was 
used. The tissue was macerated in sterile saline solution and within 
a few hours inoculated intravenously into chickens. The birds, as 
well as 2 controls, were kept in open air cages in the country. Material 
from the first case was injected into 2 normal, healthy white Plymouth 
Rock pullets. One was killed after 5 months, and at autopsy small 
white foci were found in the liver and spleen which histclogically showed 
peculiar hyalinized necrosis surrounded by large polyhedral cells, giant 
cells of the myeloid type, many eosinophils and occasional plasma cells. 
Acid-fast organisms were found in direct smears. The other pullet 
died after 11 months with similar lesions in the liver and spleen and 
also involvement of lymphoid nodules in the mesentery and cervical 
regions. Acid-fast organisms were found in smears and cultures, and 
on egg medium in 8 days these developed a fine, moist, scant growth of 
acid-fast organisms and blastomycetes. 

Material from the second case was inoculated into 3 white Ply- 
mouth Rock pullets. One died in 7 weeks with congenital anomaly of 
the heart. The liver and spleen showed foci similar to those in the first 
cases. Material was reinoculated from this hen into 2 other chicks, 
one of which died in 11 months, showing a mass in the rectal fold and 
an involvement of the abdominal lymph nodes. Acid-fast bacilli were 
found. Of the other 2 original birds, one died in 7 months, with many 
small, opaque areas in the liver, and in the dura mater a nodule that 
histologically was a granuloma, with little necrosis and many myeloid 
giant cells. The other was killed in 12 months and showed like foci 
in the liver. L’Esperance concluded her article with the conservative 
statement that if one can rule out a spontaneous infection of the birds, 
it would seem either that material from the lesions of Hodgkin’s dis- 
-ase produces a lesion in chickens like tuberculosis or that avian tubercle 
bacilli are associated with Hodgkin’s disease. 

More recently, a year after her first papers, L’Esperance reported 
2 more cases, 1 of Hodgkin’s and 1 of Pel-Epstein’s disease (abstracted 
in foregoing paragraphs) from which avian tubercle bacilli were recov- 
ered by inoculation of material into animals. Both of these cases came 
to autopsy. 


Id the first case a child, a month following a routine tonsillectomy, began to 
have a low fever, the temperature ranging to 102 F., accompanied with progressive 
loss of weight, vomiting and epistaxis. The cervical lymph nodes increased in size 
for four months; then a node was removed in St. Mary’s Hospital, and a his- 
tologic diagnosis of Hodgkin’s disease was made. A month later the child was 
admitted to the New York Hospital with a rasping cough and two large swellings 
in the neck, an enlarged palpable spleen and roentgen evidence of enlarged 
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mediastinal nodes. There were moderate anemia and leukopenia. At biopsy a 
diagnosis of Hodgkin’s disease was again made. The child died eight months after 
the onset of the symptoms. 

At autopsy 800 cc. of clear fluid was present in the pericardium and a small 
amount in the pleura, with recent adhesions. Lying in front of the great blood 
vessels of the neck there was a mass of lymph nodes, the nodes varying from 
5 mm. to 3 cm. in diameter. These were traced down on both sides of the aorta 
to the hilus of the lung, where they projected on the right side into the lung 
substance and on the left continued downward behind and above the pancreas. 
The nodes were firm, and the cut surface presented a smooth light brown appear- 
ance. The spleen weighed 300 Gm. The surface was slightly irregular, owing to 
numerous small, greenish nodules. The lungs showed diffuse peribronchial thick- 
enings, with one irregular, firm, ill-defined, grayish-red area in the right apex. 
There were from ten to twelve large lymph nodes on each side of the neck, 
with an appearance, on section, similar to that of the mediastinal nodes. 

Microscopic examination revealed the histologic picture of typical Hodgkin's 
disease. Material from the nodes was inoculated into 2 chickens subcutaneously, 
into 1 rabbit, and into 2 guinea-pigs that had previously been treated with 
heat-killed tubercle bacilli. One of the chickens was killed after 5% months 
and showed early avian tuberculosis; cultures on egg medium yielded a 
scant, moist growth of acid-fast bacilli. Material from the lesion in the liver 
reinoculated into chickens produced tuberculosis, which was again carried to a 
third series of chickens. No mention is made of the second of the originally 
inoculated chickens. The rabbit inoculated subcutaneously was alive 9 months 
after the inoculation. Of the 2 inoculated guinea-pigs previously treated by 
injection of heat-killed mammalian bacilli, 1 died in 50 days with atypical tuber- 
culosis of all the lymph nodes, and cultures on egg medium yielded a moist, 
pinkish growth of nonacid-fast tiny granules. This culture inoculated into a 
second “treated” guinea-pig produced extensive tuberculosis of the liver, spleen 
and lymph nodes. The second originally inoculated “treated” guinea-pig survived 
146 days, and at autopsy showed massive generalized tuberculosis. In cultures 
on egg medium a pure growth of acid-fast bacilli developed with many of the 
cultural features of avian tubercle bacillus. 


It is to be regretted in this instance that no record is given of the 
second of the originally inoculated chickens, that no original inoculation 
was made in untreated guinea-pigs, and that all the characteristics of 
the cultures obtained are not stated, i.e., formation of tuberculin, ability 
to sensitize infected animals to tuberculin, growth on fluid mediums, 
acid curve and pathogenicity for guinea-pigs, rabbits and chickens. 


One must await repetition of the work before a final judgment can 
be made, and this is sure to follow shortly on account of the novel 
method of attack offered in approaching this problem. L’Esperance 
herself raised the criticism hardest to circumvent, namely, the impos- 
sibility, in some cases, of diagnosing tuberculosis in birds, even by the 
tuberculin skin test, which she neglected to do. One would like to 
know whether the 2 controls in which lesions developed were in the 
same cage with the others or whether all the birds were in separate 
cages, or even whether the 2 different experimental birds were in the 
same cages. In open cages there is also the possibility of infection 
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by sparrows or pigeons, whereas Schalk reported persistence of avian 
tubercle bacilli in soil for 2 years. If one could cultivate acid-fast 
organisms directly from Hodgkin’s nodes, and these had all the char- 
acteristics of the bacillus outlined in foregoing paragraphs, one would 
feel convinced of their presence in the lesions and await only the pro- 
duction of typical Hodgkin’s disease in monkeys with such a culture to 
complete the cycle. To date no account has appeared confirming these 
observations. Van Es had negative results in 3 cases of Hodgkin’s dis- 
ease; Dr. Aronson of the Henry Phipps Institute in 2 cases failed to 
isolate the bacilli either by cultivation or by inoculation of chickens. 
Dr. Schulz ** inoculated 2 chickens intravenously with a macerated 
lymph node from a patient at the Children’s Hospital, Boston. (His- 
tologic examination showed that the node was not one characteristic 
of Hodgkin’s disease.) One died in 3 months as the result of an 
obstructed bowel and showed firm, discrete foci in the spleen and very 
small ones in the liver. Cultures of this organism corresponded to 
those of the avian type, and intravenous inoculation of a rabbit produced 
typical tuberculosis in joints, kidneys and lungs. If one excludes this 
as a spontaneous infection, one may equally well agree that avian 
tubercle bacilli may occur in the cervical nodes of a child. A second 
firm node from a case of typical Hodgkin’s disease similarly inoculated 
intravenously into 2 chickens did not produce tuberculous lesions. In 
this laboratory my associates and I are studying 3 other cases of typical 
Hodgkin’s disease in which the patients do not react to avian tuberculin. 
Cultures on egg medium have shown no growth, and chickens inoculated 
and dead within 3 months show no tuberculosis. It appears in conclu- 
sion the L’Esperance’s work has opened up an interesting field of investi- 
gation along the lines of the etiology of Hodgkin’s disease. One would 
also like to see all unusual cases of tuberculosis studied more carefully 
in order to detect whether infection with avian tubercle bacilli in man 
in cases other than Hodgkin’s disease is prevalent in America. If so, 
it would necessitate the addition of poultry to the list of inspected meats, 
since the possibility of infection by eating infected eggs has arisen. 

The question has also been raised by Van Es, in view of the large 
number of swine and cows’ infected with this organism, whether in 
the attempts at eradication of tuberculosis a very prevalent source of 
one form of the tubercle bacillus is being neglected, namely, that in the 
ordinary barnyard fowl, as the possibility of a transmutation of types is 
receiving great attention at present. 

The difficulties involved in making a diagnosis of infection with 
avian tubercle bacillus are well illustrated in a case studied by no less 
an authority than Lydia Rabinowitsch (L. Rabinowitsch-Kempner), 
reported in detail by Dr. Grunke. 


57. Schulz, R. Z.: Personal communication to the author. 




















274 ARCHIVES OF PATHOLOGY 


A miller, aged 55, had feverish exanthems and swellings of the limbs resembling 
erysipelas, with solid infiltrations felt under the skin and new infiltrations forming 
as existing ones receded. There was no clinical evidence of pulmonary tuber- 
culosis, but there was a positive reaction to tuberculin. Seven months later dry 
pleurisy developed and death occurred in one month. At autopsy there were a 
single tuberculous focus in the lung, a discrete tuberculous ulcer at the ileocecal 
valve and a calcified hilar lymph node. There were an exudative pleurisy and a 
disease of skin and muscle (tuberculous dermatomyositis), especially of the upper 
extremities. Large stretches of skin showed reddening and brown pigmentation 
of the epidermis and subcutaneous edema. Microscopically, there was large caseous 
tuberculous infiltration around veins and lymphatics. Cultures from the focus in 
the lung and from the intestinal ulcer, on inoculation into an animal, proved to be 
typical bovine bacilli. That from the skin, on inoculation into an animal, resembled 
avian tubercle bacilli, yet Rabinowitsch’s conclusion after a two year study of the 
organism is that in all likelihood it is an atypical bovine organism that during 
growth in this particular focus took on the character of the avian bacillus. 





RESUME 


The avian tubercle bacillus is known to infect certain mammals, 
notably swine and more rarely cattle. Rabbits, rats and mice may be 
infected experimentally. There are also in the literature reports of 
a few cases of infection in man. Cases of tuberculosis of the 
skin and kidneys, as well as of tuberculosis of septicemic type, due 
to this organism are on record. Certain authors have reported as also 
due to this organism certain dyscrasias of the blood (polycythemia rubra 
and myeloid leukemias). L’Esperance recently raised the interesting point 
of the possible association of this organism with Hodgkin’s disease. 
One anxiously awaits further detailed studies of her organism, repro- 
duction of the disease with it in monkeys, a larger series of cases and 
confirmation of her work by other observers. One would like to stress 
again the precautions that Van Es requires to be taken to minimize the 
chance of encountering spontaneous tuberculosis in chickens (precau- 
tions that are being followed in this laboratory): (1) use of chickens of 
an age at which the incidence of spontaneous tuberculosis is relatively 
small—that is, 4 months; (2) selection of birds in which the disease 
can be excluded; (3) housing of birds off the soil during observation, 
and (4) a negative reaction to a known potent avian tuberculin in 50 
per cent dilution, when a drop of it has been injected intracutaneously 
into the wattle and the result read in forty-eight and seventy-two hours. 
A positive reaction consists of a marked swelling of the area. 

Should L’Esperance’s observations be confirmed, it would open up 
the possibility of treatment of patients with this known fatal disease 
by the injection of a vaccine or of an extract of avian tubercle bacilli, 
and it would rank as one of the oustanding medical contributions of 
the period. 

Finally, it may be said that the avian tubercle bacillus rarely infects 
man, and that the etiologic role of this organism in Hodgkin’s disease 
cannot be accepted as proved. 











News and Notes 


International Congress of Comparative Pathology.—The Second Inter- 
national Congress of Comparative Pathology will be held in Paris from October 14 
to 18, 1931. 


Division of Medical Sciences of National Research Council Elects 
Officers.—The officers of the division of medical sciences of the National Research 
Council for 1931-1932 are: chairman, William H. Howell; vice chairman, 
S. Bayne-Jones; executive committee, E. V. Cowdry, S. Bayne-Jones, E. 
Kennerly Marshall. 

















Obituary 


ALDRED SCOTT WARTHIN, M.D. 
1866-1931 


At the age of 64 and at a time when his joy in creative writing was 
still in the ascendency, death came to Aldred Scott Warthin, for thirty- 
nine years a teacher in the medical school of the University of Michigan 
and for twenty-eight years professor of pathology and director of the 
pathological laboratories in that school. Giving freely of his time in 
attendance at the meetings of the various societies concerned with his 
special fields of interest, and always taking an active part in discussions, 
he was well known to most of the internists as well as to the pathologists 
of two generations. 

Dr. Warthin had an interesting and appealing personality which won 
for him friends wherever he went, notwithstanding a certain degree of 
reserve. His wide interests in the fields of music, biologic science, gar- 
dening, book collecting and medical history enlarged the circle of his 
acquaintances; and the close contact that he maintained with the 
clinical aspects of medicine led him irto an active part in various organi- 
zations not strictly pathologic. Unusually gifted in public address, he 
was ever generous to the extreme in accepting invitations to speak, and 
his untiring energy and dynamic and compelling personality will be 
greatly missed. 

Aldred Scott Warthin was born at Greensburg, Ind., on Oct. 21, 
1866, the son of Edward Mason Warthin and Eliza Margaret (Weist) 
Warthin. His early inclination was toward music, and in 1887 he 
received a teacher’s diploma in music at the Cincinnati Conservatory. 
During the same period he attended Indiana University, from which he 
obtained the A.B. degree in 1888. At the University of Michigan he 
earned the A.M. degree in 1890, M.D. in 1891 and Ph.D. in 1893. In 
1900, he was married to Katherine Angell, and to them four children 
were born. From 1891 to 1895, Dr. Warthin served under Dr. George 
Dock, first as assistant, and later as demonstrator, in internal medicine 
at the University of Michigan. During this period he spent the summer 
months of each year in study abroad, giving attention particularly to 
pathology. He was made demonstrator of pathology in 1896; instructor 
in 1897; assistant professor in 1899; junior professor in 1902, and 
professor and director of the pathological laboratories in 1903, holding 
this rank until his death on May 23, 1931. 
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Dr. Warthin held membership in numerous societies in the fields of 
medical biology, internal medicine and pathology, and by many of these 
organizations he was elected president. Thus he was president of the 
American Association of Pathologists and Bacteriologists in 1908, of 
the International Association of Medical Museums from 1910 to 1913, 
of the American Society for Experimental Pathology in 1924, of the 
American Association for Cancer Research in 1928, of the Association 
of American Physicians in the same year and of the American Associa- 
tion of the History of Medicine in 1930-1931. He was a master of the 
American College of Physicians and had been its first vice-president 
since 1925. 

The hundreds of titles in the list of published works by Dr. Warthin 
bespeak at the same time his extraordinary energy and industry, and the 
great breadth of his interests. Only the more important can be men- 
tioned here. During the period in which he was demonstrator in inter- 
nal medicine, he described in one of his earliest papers the accentuation 
of the pulmonary second sound in pericarditis and assigned diagnostic 
significance to it. This has since been known as “Warthin’s sign.” 
Tuberculosis of the placenta, the histology and pathology of the hemo- 
lymph nodes, the genetic relationship of the leukemias, Hodgkin’s dis- 
ease and lymphosarcoma, the pathology of irradiation, traumatic 
lipemia, the lesions produced by dichlorethylsulphide (mustard gas) 
and the constitutional aspects of hyperthyroidism are but a few of the 
subjects to which he made important contributions. He was best known, 
however, for his work on the pathology of syphilis. Concerned orig- 
inally with the lesions of congenital syphilis, Dr. Warthin early recognized 
the essential unity of the pathology of syphilis as found in various 
organs and in various stages of the disease. In a series of about forty 
papers he established a new conception of the pathology of late and of 
latent syphilis, particularly as it involves the heart, aorta, pancreas, 
adrenals and testes. Making use of new methods of staining developed 
in his own laboratory, he was able to support his conception of these 
disease processes by the demonstration of the causal organism in lesions 
in which it had never been seen before. 

Dr. Warthin’s translations and revisions of the tenth and eleventh 
editions of Ziegler’s “General Pathology” and his own “Practical Pathol- 
ogy” and “Autopsy Protocols” have provided useful aids to a long 
sequence of medical students. He was even more successful in later 
years as he allowed himself to break away from the concretely practical 
and to enter the field of the cultural and philosophic aspects of medicine. 
His early essay on “An American Medical Student” (1903) and many 
editorials in the Annals of Clinical Medicine, of which he had been 
editor since 1924, have given evidence of his unusual skill in this 
respect. More recently the three books, “Old Age” (1929), “The 














ata ethene Neti allege or sa 





278 





ARCHIVES OF PATHOLOGY 


ALDRED 





SCOTT WARTHIN, 
1866-1931 








M.D. 











ALDRED SCOTT WARTHIN 279 


Creed of a Biologist” (1930), and “The Physician of the Dance of 
Death” (1931) have been the product of this reflective outlook on the 
problems of human life. 

As a pathologist, Aldred Scott Warthin was characterized by his 
adherence to the morphologic approach to the problems of disease, by 
his ability to recognize the significance of detailed observations and by 
a far-seeing appreciation of the correlation between structural changes 
and clinical behavior; as a man, by his untiring energy, broad culture 
and unswerving loyalty to his friends, to his chosen interests and to the 
guiding principles of his life. 


Cart V. WELLER. 
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Abstracts from Current Literature 


Experimental Pathology and Pathologic Physiology 


CHANGES IN SUGAR AND Lactic Acip CONTENT OF BLoop CAUSED By BURNS. 
M. A. SLtocum and H. D. Licursopy, Am. J. Physiol. 96:35, 1931. 


The concentration of sugar and lactic acid in the blood of rabbits after super- 
ficial burns was studied both in otherwise intact animals and in animals that had 
been adrenalectomized. In both there was an increase in blood sugar and in lactic 
acid, but the increase in the latter was small and insufficient to account for the 
high value of the sugar. In the animals with intact adrenal glands, the heightened 
level of the sugar was maintained after twenty-four hours, but lactic acid was 
reduced below its initial value. Apparently the increased activity of the adrenal 
glands does not account for the increase in blood sugar through the intermediary 
of lactic acid, nor for that by decrease in the oxidation rate. 


H. E. Eccers. 


THE INNERVATION OF THE RENAL PARENCHYMA. J. KAUFMANN arid R. Gortt- 
LieEB, Am. J. Physiol. 96:40, 1931. 


A study of the nerve fibers in the renal cortex by means of intravital methylene 
blue staining and by Bielschowsky’s impregnation method showed tubular innerva- 
tion which seemed to originate in the nerve fibers that accompany the arteries to 
the tubules. These nonmedullated fibers were found both in the cortex and in 
the medulla. On the membrana propria they form plexuses, from which come 
off fine varicose branches which in part end on the membrana propria and in 
part penetrate the tubules to end between the epithelial cells. Three types of 
nerve endings were seen: nodular, brushlike and arborized. Not all of the tubules 
observed showed the presence of nerve filaments, which the writers believe is due 
to deficiency in method rather than to actual absence. The findings are generally 
applicable to mammalian kidneys. Ss 


StupiEs ON D1aBeEteEs INsipripus. H. Bourgurin, Am. J. Physiol. 96:66, 1931. 


The effects of injury to the hypothalamus and hypophysis were observed in 
dogs. In none was there development of dystrophy or of adiposity, and in all 
in which diabetes insipidus appeared, the injury involved the caudal portion of the 
hypothalamus. However, no relation was evident between the site of the lesion 
and the course of the diabetes. In two experiments the infundibulum was separated 
from the brain stem, and the tuber cinereum was destroyed, and in one the entire 
hypothalamus was destroyed, with the exception of the caudal tips of the mamillary 
bodies. In none of these did diabetes insipidus develop, indicating that the disease 
is not a phenomenon of deficiency. In twenty-six experiments on dogs and in an 
equal number on rabbits, complete destruction of the hypothalamus and hypophysis 
did not cause diabetes insipidus; but in twelve of fourteen experiments on dogs, 
and in twelve of eighteen on rabbits, in which in addition to destruction of the 
hypophysis and tuber cinereum there was injury to the mammillary bodies, diabetes 
occurred. Not only is diabetes insipidus not a disease caused by a deficiency, 
but the mammillary bodies or near-by centers are concerned in its causation, and 
the polyuria would appear to be caused by a diuretic substance or by irritation 
of hypothetical centers of control of salt and water metabolism. 


H. E. Eacers. 
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FuRTHER STUDIES ON THE BASAL METABOLISM OF Maya INDIANS IN YUCATAN. 
G. C. SHattuck and F, G. Benepict, Am. J. Physiol. 96:518, 1931. 


This is a report on a continuation of studies of the basal metabolism of Maya 
Indians, which were begun in 1927. In both series results were obtained that 
showed in these Indians a high metabolic rate associated with a low pulse rate 
and a low blood pressure. In a few cases persons were again observed who had 
been subjects in the first series, and in these the second determination gave a 
somewhat lower rate. It is possible that an emotional element contributes to the 
high rate of these Indians, although their phlegmatic temperament makes this less 
probable. A third series of determinations is promised. 2 F Focuses. 


EFFECTS OF POSTERIOR PITUITARY EXTRACTS ON Basat Metasotism. H. E. 
Himwicy and F. W. Haynes, Am. J. Physiol. 96:640, 1931. 


A study was made of the metabolic rate in rats after the injection of pituitary, 
pitressin and pitocin. With the first, there was a decrease of metabolic rate, 
due to the pitressin and in spite of the pitocin, with which alone a slight but 
definite increase occurs. The opposing actions in this respect of pitressin and 
pitocin presumably account for inconsistencies in previous work along this line. 


H. E. Eaccers. 


COMPARATIVE ToOxXIcITty OF THE BLooD AFTER ARTERIOTOMY, ASPHYXIATION 
AND INJURIES TO THE Brain. D. I. Macut, Am. J. Physiol. 96:662, 1931. 


Investigated by its effect on plant seedlings, blood from asphyxiated and 
decerebrated animals of various species was found to be more toxic than fresh 
arteria] blood from the same species. This difference could not be attributed to 
the anesthetic used nor to a difference in oxygenation, but must be regarded as due 
to the presence in the blood of toxic substances. H.  Beexes 


THE DETOXICATING FUNCTION OF THE LIVER WITH SPECIAL REFERENCE TO 
STRYCHNINE. J. T. PrresTLEy, J. MARKOwITz and F. C. Mann, Am. J. 
Physiol. 96:696, 1931. 


Of the six methods that have been used in studying the detoxicating function 
of the liver, that in which dehepatized animals and that in which perfusion of the 
organ are utilized seem to yield the most accurate results. With the use of these 
methods in dogs the liver was found to have a highly specialized ability to retain 
rapidly and later to destroy strychnine. ST lt Reomes 


Tue ROLE GF THE LIVER IN THE FORMATION OF LymPpH. C. MARKOWITZ 
and F. C. Mann, Am. J. Physiol. 96:709, 1931. 


In dogs, a study was made of the flow of lymph through the thoracic duct 
before and after ligation of the periportal lymphatics. No differences were detected. 
Investigation of the action of peptone as a lymphagogue in these circumstances in 
etherized animals likewise revealed no differences, nor did removal of the liver 
produce any diminution of lymph flow, and the usual lymphagogic effect was 
observed after the intravenous injection of peptone into a dehepatized dog. 


H. E. Eccers. 


PELLAGRA SECONDARY TO BENIGN AND CARCINOMATOUS LESIONS AND TO 
DYSFUNCTION OF THE GASTRO-INTESTINAL TracT. GEORGE B. EustTERMAN 
and Paut A. O’Leary, Arch. Int. Med. 47:633, 1931. 


Pellagra developed in eight patients with obstructing benign lesions or dysfunc- 
tion (late, after operation) of the upper part of the digestive tract, in two with 
obstructing carcinomatous lesions, in one with gastric syphilis and in two with 
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lesions of the colon (in one carcinomatous; in the other, inflammatory). These 
cases of secondary pellagra tend to support the theory that dietetic deficiency is 
the cause of the disease. In the cases reported, the clinical manifestations of the 
disease were not_as marked as those of active, endemic pellagra. Treatment 
may be ineffectual in cases with mechanical obstruction, or in those with marked 
impairment of motility, of the upper part of the digestive tract, until the mechanical 
condition is corrected. Surgical intervention is attended by high mortality. 
Reports covering the essential clinical features of these cases are submitted. 


AvutTuors’ SUMMARY. 


HYPERINSULINISM FROM B-Ce_t ADENOMA OF Pancreas. A. D. Carr, R. 
Parker, E. Grove and A. O. Fisuer, J. A. M. A. 96:1363, 1931. 


A youth of 19 suffered increasingly from attacks that were similar to the 
syndrome resulting from an overdose of insulin. They were relieved by the 
ingestion or administration of dextrose. The increasing severity of the attacks 
justified exploration and caused the patient and his parents to accept surgical 
measures. A localized tumor of the pancreas was found and removed. It showed 
chiefly B-cells. The postoperative recovery was prompt and uneventful, and 
the clinical cure was complete and was confirmed by studies of the blood sugar. 


AutTHors’ SUMMARY. 


COMPENSATORY HYPERTROPHY OF THE SPLEEN. E. M. MacKay and W. S. 
PoLianp, J. Exper. Med. 53:317, 1931. 


In young adult rats the removal of half of the spleen is followed by a com- 
pensatory enlargement of the remaining portion of about 50 per cent, while in 
mature rabbits no such compensatory hypertrophy follows. It is uncertain whether 
this difference is due to a difference in the function of the spleen in the two 
species or to the fact that the rats were infected with Bartonella muris, while 


the rabbits were not. Autuors’ Summany 


THE INpucTION oF LyMPHOCYTOSIS AND LYMPHATIC HYPERPLASIA BY MEANS 
OF Protein. B. K. Wiseman, J. Exper. Med. 53:499, 1931. 


Repeated parenteral injections of protein by various routes in a series of twelve 
rabbits caused an increase of lymphocytes in the peripheral blood varying from 
23 per cent to 139 per cent. It seems probable that the degree of response is 
conditioned by the type of protein used. At autopsy the lymph nodes and the 
spleen showed hyperplastic changes. The thymus did not participate in the 


hyperplasia. AvuTHor’s SUMMARY. 


EXPERIMENTAL AcuTE GLOMERULITIS. F, D. W. LuKENs and W. T. Lonccope, 
J. Exper. Med. 53:511, 1931. 


Both focal and diffuse glomerulitis have been produced in rabbits by the injec- 
tion directly into the left renal artery of suspensions of heat-killed hemolytic 
streptococci. Similar lesions’ in the glomeruli could not be obtained in normal 
rabbits by the injection of suspensions of bismuth oxychloride into the left renal 
artery. The acute glomerulitis occurred in only about one half of the rabbits 
employed for the experiments. Glomerulitis was observed much more frequently 
in rabbits in which an acute localized streptococcal infection had been produced 
by the intracutaneous injection of living hemolytic streptococci, than in normal 
rabbits. The ocurrence of acute glomerulitis was usually associated with a well 
marked intradermal reaction to the filtrates of hemolytic streptococci. 


AvuTHoRS’ SUMMARY. 
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EXPERIMENTAL CHRONIC HYPERPARATHYROIDISM LEADING TO OsTITIS FIBROSA. 
A. Bopansky and H. L. Jarre, J. Exper. Med. 53:591, 1931. 


On a low intake of calcium hypercalcemia tended to disappear in chronic 
hyperparathyroidism on a given dose of parathormone (as large as 6 units per 
kilogram), apparently owing to the reduction of a readily available calcium reserve. 
An increase of either the intake of calcium or the daily dose of parathormone 
caused a rise of serum calcium and symptoms of overdosage. Hypocalcemia 
developed in chronic hyperparathyroidism in young puppies on a diet low in 
calcium. Tetany occurred at a level of calcium that was higher, and a level of 
phosphorus that was lower, than in tetania parathyreopriva of young puppies. 
About 0.1 Gm. of calcium daily was apparently sufficient to maintain the serum 
calcium at a normal level. The serum phosphorus in chronic hyperparathyroidism 
in young puppies continued at, or rose above, the high level normal for young 
animals. Toward the end of long periods of treatment with large doses of para- 
thormone (about 5 units per kilogram) serum phosphorus approached normal levels, 
and pronounced hypercalcemia was absent, but hypotonia and other symptoms of 
hyperparathyroidism were present. Early in the treatment and on liberal intakes 
of calcium, a single dose of parathormone caused more marked relative rise of 
serum calcium than in normal adult dogs, confirming previous observations. Later 
in the treatment and on low intakes of calcium, this effect was greatly reduced. 
Serum phosphorus rose after a single injection of parathormone, even when the 
effect on the serum calcium was slight or absent. The continued effect of para- 
thormone on serum calcium after prolonged periods of treatment, and the modified 
response of the serum phosphorus, indicate tolerance due to some compensation, 
rather than immunity. The lesions of the bones, presenting the essential features 
of osteitis fibrosa cystica osteoplastica (von Recklinghausen’s disease) in varying 
degrees of severity, depending on the relation of the dose of parathormone to 
the intake of calcium and to the duration of the treatment, were most prominent 
on low intakes of calcium, which permitted the use of large doses of parathormone 
without fatal hypercalcemia and without symptoms of overdosage. 


AuTuHors’ SUMMARY. 


ABSORPTION OF PARTICULATE MATTER BY THE GREAT OMENTUM. A. P. 
BaTcHELDER, M. E. Friecp and C. K. Drinker, J. Exper. Med. 53:641, 
1931. 


When the omentum of the dog is floated in a suspension of insoluble nickel 
silicate in physiologic solution of sodium chloride under circumstances precluding 
the possibility of lymphatic drainage, the liver removed after at least one hour 
contains nickel, which must have been brought to it in particulate form by way 
of the blood capillaries. The blood capillaries are therefore a pathway for the 
absorption of solid material, but are not important in this respect. 


AuTHors’ SUMMARY. 


FIxATION OF BACTERIA AND OF PARTICULATE MATTER AT THE SITE OF INFLAM- 
MATION. V. MENKIN, J. Exper. Med. 53:647, 1931. 


India ink or particles of graphite injected into an area of inflammation fail to 
disseminate to the tributary lymph nodes. When injected into a normal peritoneal 
cavity, they rapidly appear in the retrosternal lymph nodes. When injected into 
an inflamed peritoneal cavity, they are fixed in situ and fail to reach the regional 
lymph nodes. Particles of graphite injected into the circulating blood enter an 
inflamed area both as free particles, owing to increased capillary permeability, and 
also as phagocytosed material within leukocytes. Bacteria (Bacillus prodigiosus) 
injected into inflamed tissue are fixed at the site of inflammation and fail to 
disseminate to the regional lymph nodes as readily as when injected into normal 
tissue. Bacteria (B. prodigiosus) injected at the periphery of an inflamed area 
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do not readily penetrate into the site of inflammation. The experiments furnish 
evidence, in addition to that already provided, that fixation of foreign substances 
by the inflammatory reaction is primarily due to mechanical obstruction caused 
by a network of fibrin and by thrombosed lymphatics at the site of inflammation. 
Bacteria (B. prodigiosus and B. pyocyaneus) injected intravenously rapidly enter 
an inflamed area. It is suggested that localization of bacteria in a locus minoris 
resistentiae may be explained as the result of increased capillary permeability, with 
subsequent accumulation and fixation of bacteria from the blood stream at the 


point of injury. AutHor’s SUMMARY. 


STUDIES ON TRANSMISSIBLE LympHorp Leucemi1A oF Mice. J. Furts and 
M. Srrumia, J. Exper. Med. §3:715, 1931. 


Lymphoid leukemia of the mouse is readily transmitted by intravenous inocula- 
tions. The majority of the mice inoculated acquire leukemic lymphadenosis, and 
a smaller number of them acquire aleukemic lymphadenosis. The data presented 
favor the view that leukemic and aleukemic lymphadenosis are essentially the 
same condition. Leukemia produced by transmission is preceded by an aleukemic 
stage; in this, the lymph nodes and’the spleen are uniformly enlarged, and the 
white blood count and the percentage of lymphocytes are within the normal 
range, but immature lymphocytes are numerous in the circulating blood. Young, 
as well as old, mice may acquire leukemia if leukemic material enters their circula- 
tion. Studies of transmissible leukemia favor the view that in mammals this is 
a neoplastic disease. The basic problem of leukemia would seem to be the determi- 
nation of the factors that bring about a malignant transformation of lymphoid cells. 


AvuTHors’ SUMMARY. 


OBSERVATIONS UPON THE VASCULAR MECHANISM IN ACROCYANOSIS. THOMAS 
Lewis and EuGene M. Lanpis, Heart 15:229, 1930. 


The following conclusions are derived mainly from an examination of the 
hands of a patient with fully developed acrocyanosis. The essential disturbance 
of the cutaneous circulation is an obstruction in the cutaneous arterioles; the 
obstruction is not.on the venous side. The obstruction is not the result of structural 
change, but is due to increased tone of the arterioles at the ordinary temperatures 
of the room. The vessels, though capable of expanding fully, are in a state of 
relative spasm. This spasm is not due to increased vasomotor tone; its cause is 
to be sought in the vessels themselves. The arteriolar spasm is the cause of the 
diminished flow of blood in, and coldness of, the skin. Cyanosis results from the 
diminished blood flow and also in part from the increased blood content of the skin. 
The decreased tone of the vessels that give the skin its intense color is due in 
part to diminished blood flow through them; it is probably brought about in part 


by the continued low temperature. Auruons’ Summany 


Micro-InjecTIon Stupres OF CAPILLARY BLOop PREssuRE IN RAYNAUD'S 
DisEAsE. EuGene M. Lanois, Heart 15:247, 1930. 


Micro-injection studies of capillary pressure in Raynaud’s disease indicate that 
during the period of spasm the pressure at the summit of the capillary loop is 
between 5 and 8 mm. of mercury when the loop is at the level of the sternum. 
As the arterial spasm relaxes capillary pressure rises during the hyperemia of 
recovery to between 32 and‘45 mm. of mercury; pulse pressure in the capillaries, 
absent during spasm, becomes conspicuous, increasing with arteriolar relaxation. 
A slight swelling of the fingers occurs during recovery and is ascribed to changes 
in the fluid balance consequent on asphyxia of the capillary wall and on the 
increased capillary pressure. The slowness with which capillary pressure rises 
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when venous congestion is artificially imposed during the period of spasm, and 
the rapidity with which it falls at the release of such congestion, show that this 
spasm is situated on the arterial and not on the venous side of the capillary network. 


AutTHor’s SUMMARY. 


OBSERVATIONS ON DirRECT COMMUNICATIONS BETWEEN ARTERIES AND VEINS 
IN THE Rapsit’s Ear. R. T. Grant, Heart 15:281, 1930. 


Numerous direct communications between the arteries and veins are constantly 
present in the rabbit’s ear. Their structure is described. The anastomoses can be 
seen during life and their reactions studied. They react by dilatation to mechanical 
stimulation, histamine, acetylcholine and cold. Epinephrine constricts them. They 
can be dilated through the action of the local axon reflex. They are particularly 
responsive, contracting vigorously and quickly, to sympathetic impulses. An 
unusually rich distribution of the perivascular sympathetic nervous plexus to the 
anastomoses is described. The anastomoses serve two functions, (a) local and 
(b) general: 1. Mainly through their agency, the temperature of the ears is 
maintained when these are exposed to cold. 2. They are important factors in 
the regulation of the temperature of the body, aiding the dispersal of heat by 
allowing an enormous flow of blood through the ears. 

AuUTHOR’s SUMMARY. 


AN ANALYSIS OF THE DATA COLLECTED BY THE STATUS LympHaTicus INVESTI- 
GATION COMMITTEE. M. YounGc and H. M. Turnsutt, J. Path. & Bact. 
34:213, 1931. 


In the opinion of the committee the facts elicited in the present inquiry are 
in harmony with those of Hammar (1926 and 1929) and Greenwood and Woods 
(1927) in affording no evidence that so-called “status thymicolymphaticus” has 
any existence as a pathologic entity. Aurmons’ Summary 


MonkKEys Born 1N Captivity. CHARLES NICOLLE and Louis WeETTERLE, 
Arch. Inst. Pasteur de Tunis 19:465, 1930. 


Two monkeys of the genus Callitriche and one of the species Macacus 
cynomolgus were conceived and born in captivity. Conception occurred twice 
during convalescence from a serious infection on the part of one parent. The 
advantages of raising monkeys in studies of genetics and of the transmission of 
infections are evident. i >. ee 


CHANGES IN THE BLOOD AND RENAL FuNCTION AFTER REMOVAL OF THE 
CELIAC AND SUPERIOR MESENTERIC GANGLIONS AND THE LEFT ADRENAL 
GLAND. P. PANNELLA, Riv. di path. sper. 6:132, 1930. 


After removal of the celiac and superior mesenteric ganglions and the left 
adrenal gland, the red blood cells are unchanged, but the white cells are increased 
in number about 200 per cent. A retention of chloride was produced in the blood, 
and a disturbance of renal function could be shown through the xanthoprotein test. 


EmMeEricH Haam. 


CHANGES IN THE LuNG AFTER REMOVAL OF THE CERVICAL PART OF THE 
SympatTHetTic Nerve. D. VALione, Riv. di pat. sper. 6:278, 1930. 


The removal of the cervical part of the sympathetic produces hyperemia in 
the lung by vasoparalysis. This hyperemia is bilateral, but more marked in the 
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lung of the side on which the operation was performed. A vital staining of the 
lung with trypan-blue shows a scarcity of the blue stained granules in the lung 
of the side operated on, indicating trophoneurotic disturbances of this organ. 


EMMERICH HAaAm. 


Hemorruacic DiatHEses. M. B. Scumipt, Verhandl. d. deutsch. path. Gesellsch. 
25:10, 1930. 


In the main, the author concludes from an anatomic and experimental study 
that many of the conditions grouped under “hemorrhagic diathesis” may be 
explained by changes in the vascular walls, especially those of the venules. He 
urges that in the study of these conditions more attention be paid to the blood 
vessels. In his consideration of the various hemorrhagic diatheses he reaches 
the following conclusions : 

Hemophilia—No changes are found in the walls of the blood vessels. The 
possibility of chemical changes in the blood must be seriously considered. A 
similar picture is found in deep icterus and phosphorus poisoning, in which there 
is a disturbance of the formation of thrombokinase from injury to the liver. A 
clumping together of the thrombocytes in a slow circulation, without the formation 
of fibrin, causes an endothelial reaction that results in vascular rupture (Dietrich). 
This may explain the hemorrhages in hemophilia. One must not confuse this 
condition with pseudohemophilia, in which there is an absence of fibrinogen. This 
fact and the absence of a family history should exclude hemophilia vera. 


Thrombocytopenia.—Thrombocytopenia may occur alone or secondary to infec- 
tions or to diseases of the blood. That this condition is associated with thrombo- 
penia does not mean that all hemorrhagic diatheses may be so explained. The 
cause of the thrombopenia, whether it is a decreased formation of platelets in 
the bone marrow (Frank) or an increased destruction in the spleen (Kaznelson), 
has not yet been determined. In a case of sudden generalized hemorrhage, the 
author found a mild infectious state of the blood vessels, especially of the small 
veins, with endothelial proliferation and perivascular round cell infiltration, but 
no bacteria. The bone marrow was normal, with no decrease in number or 
change of the megakaryocytes. From these observations the author concluded 
that there is no constant relationship between thrombopenia and hemorrhagic 
diathesis, and that the vascular changes are probably the most important factor. 


Scurvy—The deficiency of vitamins predisposes to infection by organisms 
already present in the skin, mouth, etc. In the skin the hemorrhages are about 
hair follicles because of infection there. The deep hemorrhages are also explained 
on an infectious basis, as the small veins show proliferation of the endothelium 
with perivascular round cell and leukocytic infiltration. Experimental scurvy in 
guinea-pigs shows similar histologic changes. Superimposed infection causes an 
increase in the hemorrhagic diathesis. 


Panmyelophthisis (Aplastic Anemia).—Here, too, changes in the small veins 
are found where hemorrhages occur. In experimental benzene poisoning of rabbits 
hemorrhages were noted before the platelet count diminished, indicating that there 
is a toxic change in the wall of the blood vessels, and that the decrease in the 
number of platelets is not essential. 

Schénlein-Henoch Purpura.—tin this condition changes are found in the smaller 
blood vessels, similar to those described. The rdle of thrombi, as stressed by 
Silbermann, could not be verified. As it is difficult to reproduce a similar condi- 
tion experimentally, little can be added. 

Infectious Type-—Emboli of bacteria, as in meningococcic meningitis and bac- 
terial endocarditis, and toxic changes of the endothelium, as in hemorrhagic small- 
pox, are the underlying factors in infectious conditions. 

Uremia.—In uremia, a cytolysin is produced that dissolves the capillary endo- 


thelium as snake venom does. Gee, Rov Mésuermes, 
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Pathologic Anatomy 


SHADOWS PRODUCED By LEAD IN THE X-Ray PICTURES OF THE GROWING 
SKELETON. Epwarps A. Park, DEBORAH JACKSON and LasLto Kajp1, Am. 
J. Dis. Child. 41:485, 1931. 


Four cases of lead poisoning occurring in infants are reported. Three of the 
infants had definite histories of having ingested paint; the other possessed an 
unreliable history in this regard. Two of the cases were fatal, and in these 
autopsies were performed. In all the cases roentgen examination revealed clouding 
of the bone in the area of greatest growth, namely, the metaphysis. The changes 
were similar to those produced by ingestion of phosphorus, arsenic and some of 
the heavy metals. It is suggested that clouding appeared only in the areas of 
most rapid growth because the lead combined with the cells there or altered them. 
Microscopic sections through these areas of density revealed an increase in the 
number of trabeculae and more marked compression of them. In the two fatal 
cases the band shadows (metaphysis) were narrow and intense; this probably 
indicates massive doses of lead over a short period of time. The roentgen shadows 
that are produced may be of value in the diagnosis of lead poisoning in children. 


P. H. Gurnanp. 


A Case or AMYOTONIA WITH HistoLocic OsservaTions. C. R. TUTHILL 
and M. G. Levy, Am, J. Dis. Child. 41:591, 1931. 


The case of amyotonia described occurred in a boy who was fully developed 
at birth and who was the first born child of young and healthy parents. Attention 
was drawn to a weakness of the lower limbs when the child was 10 days of age. 
At 1 month the child showed pronounced paralysis of the lower limbs, which 
spread gradually to the muscles of the upper limbs, of the neck and of deglutition 
and to the accessory muscles of respiration. Scoliosis and ankle drop also 
developed. The tendon reflexes were lost, but at no time was sensation involved. 
In the sixth week the child began to lose weight. He died of aspiration pneumonia 
when he was 10 weeks of age. Gross and microscopic examination of the skeletal 
muscles showed the changes typical of Oppenheim’s disease or of Werdnig- 
Hoffman’s muscular atrophy. This was true also of histologic examination of 
the nervous system, in which were found chromatolysis of the ganglion cells, 
neuronophagia and loss of cells in the anterior horns of the spinal cord, in the 
hypoglossal nuclei and in the thalami. The anterior roots of the cord and the 
fibers of the hypoglossal nerve were atrophied. In the only muscle examined, 
the tongue, the motor plate endings were not present. This case does not offer 
any points of differentiation, either clinically or pathologically, between Oppenheim’s 
disease and the Werdnig-Hoffman type of muscular atrophy. 


AvuTHoRS’ SUMMARY. 


CORRELATION OF THE ROENTGENOLOGIC PICTURE WITH THE ANATOMIC CHANGES 
IN CONGENITAL OssEous SypHrILis. STAFFORD McLean, Am. J. Dis. Child. 
41:607, 1931. 


A complete clinical, roentgenologic and pathologic study was made of sixteen 
infants who died at the age of 13 months or less. In this group all types of 
syphilis of the bones were represented. The clinical findings strongly indicated the 
diagnosis of syphilis, which in every case was supported by either biopsy or 
autopsy. Thirteen of the cases presented positive serologic results: in the other 
three cases the blood was not examined. In every case the diagnosis of osseous 
syphilis was substantiated by roentgen examination. P. Goma. 
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A ToorH IN THE PLeuRAL Cavity. I. Davipsoun, Am. J. M. Sc. 181:494, 
1931. 


As it is assumed that the deciduous teeth are shed not later than the age 
of 12 or 13 years; about from nineteen to twenty years had elapsed in the case 
reported since the tooth, being accidentally inhaled into the left bronchus, began 
its migration into the pleural cavity. It is possible that the point of entrance was 
not at the place where it was found at autopsy. The adhesions along the lateral 
aspect of the lung may point to a perforation higher up with a subsequent inflam- 
mation due to irritation. The tooth itself sank to the lowest point, and there it 
was found at autopsy. The long time that intervened between the inhalation of 
the tooth and the patient’s death may explain the absence of any evidence of the 
destructive path that the tooth had traveled. The striking feature of this case 
is the absence of any detectable pathologic changes in the lung, with the exception 
of the pleural adhesions. Also of interest is the long time during which the tooth 
was in this unusual location without occasioning symptoms. 


AvuTHOR’s SUMMARY. 


ABSORPTION FROM THE PLEURAL Cavity oF Docs. GEORGE M. HIGGINS and 
Wituts S. Lemon, Am. J. M. Sc. 181:697, 1931. 


The polymorphonuclear leukocyte, so actively phagocytic in early exudates, 
disintegrated without further transformation. The large number of mononuclear 
cells arose from the locally produced wandering cell, the blood monocyte and 
perhaps the lymphocyte. The majority of the mononuclear cells continued as 
spherical ameboid cells, whereas many others produced connective tissue fibers and 
resembled fibroblasts. The cells resembling fibroblasts which appeared in the fully 
organized exudative cellular masses may be derived from both clasmatocytes and 
lymphocytes, from locally produced fibroblasts and from the mesothelial cells of 


the parietal pleura. AvutTuors’ SUMMARY. 


HEMORRHAGIC PANCREATITIS. V. J. DARDINSKI, Am. J. Path. 7:169, 1931. 


In two cases of hemorrhagic disease of the pancreas impaction of gallstones 
at the ampulla of Vater could not be considered an etiologic factor. In one case 
the common bile duct and the pancreatic duct each had a separate opening on the 
tip of the papilla. In the other case the outlet of the pancreatic duct was 5 mm. 
distal to that of the common bile duct. In neither case was there any possibility 
that the obstruction at the outlet produced a continuous channel from the common 


bile duct into the pancreatic duct. Revend’s Siitant 


OBSTRUCTION OF THE AQUEDUCT OF SyLvius. SAMUEL T. ORTON, Bull. Neurol. 
Inst., New York 1:72, 1931. 


One of Orton’s two cases of occlusion of the sylvian aqueduct was due to a 
pronounced granular ependymitis; the other, to a small astrocytoma. The com- 
plaints in the first case were unsteady gait, rapid gain in weight, excessive appetite, 
especially for sweets, and polyuria. The symptoms developed within three years. 
The patient was short in stature, obese and dull in appearance and showed a 
papilledema and basal metabolism of —10. Roentgenograms and ventriculograms 
showed only increased intracranial pressure and dilated ventricles. The patient 
died eight days after the ventriculography. 

Macroscopic and microscopic observation showed an extensive internal hydro- 
cephalus caused by a pericanalicular gliosis and granular ependymitis of the 
sylvian aqueduct; the fourth ventricle showed changes similar to those around the 
aqueduct. The left ventricular wall was ruptured with formation of a cyst, com- 
pression of the vermis, collapse of the roof of the fourth ventricle and a consequent 
secondary obstruction to the ventricular outflow of fluid. 
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In the second case, a boy, aged 9, had his forehead and one leg injured in an 
automobile accident two years before admission. Three months before admission, 
bed wetting and pollakiuria (at night) set in, also increase in weight, occasional 
headache and visual disturbances. Examination revealed bilateral papilledema, a 
suggestion of binasal hemianopia, a rather large sella turcica and no air shadows 
in the ventricles (after injection of air by lumbar puncture). “ Two operations 
performed for a pituitary lesion revealed no tumor. The patient died about three 
weeks after the first operation. A diagnosis of a probable tumor of the third 
ventricle had *been made. Necropsy revealed hydrocephalus and occlusion of the 
sylvian aqueduct by an astrocytoma fibrillare of exceedingly small size, though 
Orton admits that a differentiation between a small fibrillary astrocytoma and a 
proliferative gliosis is often rather difficult; that is, pathognomonic morphologic 
differences are absent. The most consistent difference between the neoplastic and 
the other types of growth Orton sees in the evidence of nuclear activity, as shown 
by variation in size, form and staining reaction. In the tumor, the size of the nuclei 
and their staining qualities are much more variable; often the nuclei are of double 
volume; most of them are vesicular; they are hardly ever pyknotic, and budding 
and twin nuclei are rather common. Additional factors are the extent of the 
tumor, complete obliteration of the parenchyma and its replacement by the tumor 
and a greater wealth in cells. Of the conclusions, the most interesting is that 
enlargement of the head from infancy may indicate a reduced factor of safety in 
ventricular drainage and may serve as a symptom of importance in differentiating 
structure of the aqueduct from tumors of the posterior fossa and from suprasellar 


growths, Georce B. Hassin. 


TUMOR OF THE POSTERIOR CRANIAL Fossa CAUSING VISUAL HALLUCINATIONS. 
Epwin M. Derry, Bull. Neurol. Inst.. New York 1:97, 1931. 


Tumors of the occipital and frequently also of the temporal lobes have been 
known to cause visual hallucinations by direct or indirect involvement of the 
optic pathways. Deery reports two cases in which optic hallucinations occurred 
with cerebellar tumors, in which thus the possibility of a lesion of the optic nerve 
could with safety be excluded. In the first case, papilledema was associated with 
signs of involvement of the fifth, seventh and eighth nerves; yet a supratentorial 
tumor of the temporal lobe was diagnosed because of the predominance of hallucina- 
tions and of signs of involvement of the pyramidal tract on the left side (exaggerated 
reflexes and some spasticity). Necropsy revealed a tumor of the left cerebellar 
pontile angle, which the author defines as an acoustic neuroma. 

In the second case the hallucinations were both olfactory and visual, with 
signs of a cerebellar tumor, revealed mainly by roentgenograms. An operation 
showed a dermoid cyst of the middle cerebellar lobe. A definite anatomophysiologic 


explanation is not given by the author. Geceee 8. Basan 





Microbiology and Parasitplogy 


AGRANULOCYTOSIS. WILLIAM DAMESHEK and Maurice INGALL, Am. J. M. Sc. 
181:502, 1931. 


Nine cases diagnosed as agranulocytosis are reported: Four of the cases 
were typical of the “angina agranulocytica” described by Schultz; the other five 
were atypical in one or another feature. Two of the cases occurred in infants. 
In two of the cases recovery took place. In one case injections of arsphenamine 
constituted in all probability an etiologic factor. The diagnosis of the disease, 
the blood pictures and various clinical features are discussed. The phase of 
recovery, with its marked monocytosis and histiocytosis, was studied in cases 
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7 and 8. It is felt that agranulocytosis is a symptom complex, dependent primarily 
on an abnormal reaction of the bone marrow to severe sepsis. Gradations can 
be seen between the typical case with angina and cases of sepsis with an atypical 


leukopenia. AutTHors’ SUMMARY. 


A CAsE oF ENDEMIC TypHusS IN ViRGINIA. H. PINKERTON and K. F. Maxcy, 
Am. J. Path. 7:95, 1931. 


Study of a fatal case of endemic typhus fever in Virginia has established the 
complete pathologic identity of the disease with European typhus, the charac- 
teristic lesions of the brain were fully as numerous as in the average ‘case of 
European typhus fever, and many of these lesions were unusually acute. Involve- 
ment of the tunica vaginalis and scrotum was no more marked than in European 
typhus fever. Rickettsia prowazeki was easily and clearly demonstrated in the 
endothelial cells of the vascular lesions in the brain, but were not found in 
macrophages or neuroglial cells. A technic is described for the demonstration 
of rickettsiae in formaldehyde fixed brain. The demonstration of Rickettsia 
prowazeki in this material is to be added to the already overwhelming evidence 
in favor of their etiologic relationship to typhus fever. 

AvuTHors’ SUMMARY. 


SUSCEPTIBILITY OF THE GOPHER TO TUBERCULOSIS. W. H. FELDMAN, Am. 
J. Path. 7:139, 1931. 


Gophers were inoculated intravenously, subcutaneously and intraperitoneally 
with human, bovine and avian strains of the tubercle bacillus. The most pro- 
nounced infection was noted in animals inoculated intravenously. Infection with 
all three strains was possible, but that with the human and bovine strains was 


the most pronounced. Eous Devas. 


PATHOLOGICAL REACTION OF Docs To AvIAN TuBERCULOsIS. W.H. FELDMAN, 
Am. J. Path. 7:147, 1931. 


Dogs intracerebrally inoculated showed tuberculous lesions in the brain and 
liver in all instances. In one case the spleen was involved. Lesions were never 
found in the lungs. Intravenous injection gave, at times, a nonprogressive lesion 
limited to the liver. The lesions produced were circumscribed or diffuse accumula- 
tions of monocytic cells. Most lesions were progressive; necrosis was not common, 
and giant cells were absent. Attempts to produce infections through other portals 
of entry indicated that the dog possesses a constitutional resistance to avian 


tuberculosis. Epna DELVES 


RESISTANCE OF PROTOZOA TO CROTALUS AND CoBRA VENOMS. C. H. PHILpPortt, 
Biol. Bull. 60:64, 1931. 


In an attempt to determine whether the effect of venoms on various types of 
protoplasm is general, a study was made of the relative resistance of fourteen 
species of protozoa to the lethal action of crotalic and cobra venoms. It was 
found, so far as this group of protozoa is concerned, that the poisonous effect of 
these venoms is general. There was found to exist among the species, however, 
much variation in the degree of resistance to these agents. Some species had 
relatively high resistance to one venom and low to the other while, in other 
species, the reverse relationship existed. 


CuarLes H. Puivportrt. 
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REDUCTION OF RESISTANCE TO TypHus Virus By Diet Dericrency. H. 
Z1nssER, M. Ruiz CasTaNnepa and C. V. SEeastone, Jr., J. Exper. Med. 
§3:333, 1931. 


The experiments demonstrate that guinea-pigs and rats subjected to diets 
deficient in vitamins to a point at which symptoms appear, and then inoculated 
with typhus virus, exhibit clinical pictures that indicate a far more severe infec- 
tion than that observed in normal animals after inoculation. There is also a 
wider distribution of Rickettsiae and a concentration of organisms which, in pleural 
and peritoneal exudates, amounts almost to cultural proportions. Important from 
our point of view is the fact that these experiments furnished a step toward the 
accomplishment of our purpose, which was to obtain amounts and concentrations 
of Rickettsiae suitable for immunologic studies until such time as tissue culture 
may have developed to a practically useful stage. The experiments are of 
immediate importance in that they furnish us a method for improving the technic 
of active immunization reported on in the preceding paper, no. 5. From the 
epidemiologic point of view these experiments at least suggest an explanation 
of one of the important factors that enter into the historical association of high 
mortality from typhus with war and famine. Aurmons’ SUMMARY. 


FURTHER OBSERVATIONS ON THE SURVIVAL OF VACCINE VIRUS SEPARATED 
FROM Livinc Host CELLS By COLLODION MEMBRANES. R. S. MUCKENFUSS, 
J. Exper. Med. 53:377, 1931. 


The survival of vaccine virus separated from a suspension of fresh minced 
rabbit kidney by a collodion membrane was not complete in these experiments, 
and passage in series was not successful. The degree of survival seemed some- 
what greater if dead cells, killed by repeated freezing and thawing, were added 
to the virus during incubation, although the tissue was able to increase the intensity 
of the intradermal reactions. Extracts of dead cells did not increase the degree 
of survival, as determined by the intensity of the intradermal reaction. No sig- 
nificant or constant increase in the intensity of the intradermal reactions resulted 
from the addition of cysteine hydrochloride to the virus in the dialyzing apparatus. 


AuTHOR’s SUMMARY. 


EtioLocy or Common Cotp. P. H. Lone, J. A. Dour, J. M. Bourn and 
E. McComs, J. Exper. Med. 53:447, 1931. 


Experimental infections of the upper respiratory tract similar to “common 
colds” were transmitted singly and in series through two and four passages in 
nine of fifteen persons, by intranasal inoculations with bacteria-free filtrates of 
nasopharyngeal washings obtained from persons ill with natural “colds.” These 
observations conform with those reported by previous workers and lend further 
support to the view that the incitant of the “common cold” is a filtrable virus. 


AUTHORS’ SUMMARY. 


VARIATION AND TyPE SPECIFICITY IN THE SPECIES HEMOPHILUS INFLUENZAE. 
M. Pittman, J. Exper. Med. 53:471, 1931. 


Strains of influenza bacilli are of two kinds, which have been called S and R. 
The S strains are distinguished by the appearance of their colonies, which have a 
smooth surface, are of large size, show opaqueness and take on iridescence in 
oblique transmitted light, by the fact that the individual bacteria are capsulated, 
and by the fact that they produce a soluble specific substance which is present in 
culture filtrates and in washings of the bacteria. R strains form colonies that are 
rough and irregular in outline, are less opaque than S colonies, are of smaller size 
and are not iridescent; the individual bacterium possesses no capsule, and these 
strains produce no soluble specific substance. The S strains are also more 
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pathogenic for animals than the R strains. By means of cross-precipitation 
reactions it has been possible to divide the fifteen S strains studied into two 
distinct immunologic types. The same specific types are shown by means of 
agglutination reactions carried out at a temperature of 37 C. Spontaneous con- 
version of S into R strains occurs in artificial culture mediums with great readiness. 
This may be delayed by certain cultural procedures, and may be hastened by 
growth in mediums containing type-specific antiserum. Artificial conversion of 
R into S strains has been observed, but the changes are carried out only with 


great difficulty. AvuTHOR’s SUMMARY. 


EPIDEMIOLOGY OF PNEUMOCcOCcCUS INFECTION. L. T. WEBSTER and T. P. 
Hucues, J. Exper. Med. 53:535, 1931. 


Pneumococci were found in the nasal passages and throats of 80 per cent of 
105 adults and children studied. Ninety-seven per cent of 500 strains studied 
were serologically specific. Pneumococci of types I and II were found under 
conditions suggesting their lack of capacity to spread. Types III and XIII seemed 
to spread from person to person. Individuals were found to be pneumococcus-free 
or transiently, periodically or chronically carriers. The incidence of pneumococci 
in all persons studied underwent a seasonal variation paralleling that of coryza and 
sore throats in the same person. Eoua Detves. 


METABOLISM OF S AND R Forms oF PNEumococcus. P. FINKLE, J. Exper. 
Med. 53:661, 1931. 


In the present paper are given the results of studies on the respiratory’ and 
glycolytic metabolism of pneumococcus types I, II and III, and of the R forms 
derived from these. The S and R forms are compared as to metabolism, and the 
relationship between changes in virulence, changes in chemical constitution and 
changes in metabolism is discussed. 


A BACTERIOLOGICAL Stupy oF “CoLps” ON AN ISOLATED TrRopicaL ISLAND. 
D. F. Mricam and W. G. Smituie, J. Exper. Med. 53:733, 1931. 


Studies in the Virgin Islands, Labrador and Alabama suggest that colds are 
incited by some specific agent with which investigators are not yet familiar. These 
studies suggest also that the secondary and more severe symptoms associated with 
colds may be due to certain aerobic flora commonly found in the nasopharynx. 
Types of pneumococci that are virulent (in white mice) and true Pfeiffer’s bacilli 
requiring both V and X substance (and forming indol?) seem to be of particular 
importance in these secondary infections. The studies indicate that the specific 
agent that initiates colds is infectious, and is spread by direct contact, with an 
incubation period of from one to three days. There is strong evidence that 
environmental factors, particularly reduction in atmospheric temperature, have some 


influence on the incidence of colds. Autnors’ SUMMARY. 


Tue Errect OF SECONDARY INFECTIONS ON EXPERIMENTAL TRACHOMA. P., K. 
Ouitsky, R. E. Knutti and J. R. Tyver, J. Exper. Med. 53:753, 1931. 


By introducing secondary infections in monkeys already showing characteristic 
granular conjunctivitis following inoculation of human trachomatous tissues or 
cultures of Bacterium granulosis, it is possible to bring about a condition the 
clinical appearance of which closely resembles that of florid human trachoma. 
Secondary infection appears to be important in the pathogenesis of the experi- 
mental disease, since by it a reaction that is mainly follicular can be converted 
into a still more severe and destructive hyperemic, granulopapillary type. In 
this respect an analogue may be found to trachoma in man. 


AutTHors’ SUMMARY. 
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UNDULANT FEVER IN AZERBAIDJAN. P. ZpRopowski, H. BRENN and B. 
VoOSKRESSENSKI, Ann. Inst. Pasteur 45:768, 1930. 


In a lengthy study of undulant fever over the past eight years, the authors 
considered clinical aspects, treatment, pathologic anatomy, allergy, infection of 
animals and the organisms of the genus Brucella. Fifteen persons who contracted 
the disease in the laboratory were observed; in six of these the symptoms were 
almost negligible, although one had a positive blood culture and a titer of agglutina- 
tion of 1: 10,000. In from 80 to 85 per cent of the cases, blood cultures showed 
organisms, but the titers of the serum agglutinin varied. Latency of seven months 
was noted. Enduring nervous symptoms may exist, as well as orchitis, adenitis, 
mastitis, subcutaneous abscess, icterus et al. Various treatments were uncertain as 
to results. All organisms were virulent for guinea-pigs; virulence was demon- 
strated after eight years’ isolation. Infection was noted in parenteral, oral and 
intradermal inoculations and in inoculation of the conjunctival sac. In guinea-pigs 
symptoms were usually absent, but might be acute; cachexia and alopecia, keratitis, 
abscesses, paralysis, with involvement of joints, and orchitis might be noted. A 
unique opportunity for study was afforded in a natural epizootic among 400 guinea- 
pigs. A typical mobilization of cells was noted in the lymph nodes, spleen and 
bone marrow; it was less extensive elsewhere. Histologically the lesions resembled 
those of pseudotuberculosis. No superinfection seemed possible, and culture filtrates 
proved innocuous. A series of studies of the organisms indicated the presence 
of normal smooth S types and rough R types, with some intermediates. The 
paratypes of B. melitensis and B. abortus were found to be R in type, and the 
R types were avirulent or weakly virulent. There were noted numerous serologic 
varieties. In the opinion of the authors, any classification of the organisms 
involved is arbitrary. OO ceidenee 5 


CHICKENPOX-HERPES ZOSTER ViRUS. ARNOLD NETTER and ACHILLE URBAIN, 
Ann. Inst. Pasteur 46:17, 1931. 


Using complement-fixation and studying a number of cases of chickenpox and 
of herpes zoster-like exanthems from various angles, the authors suggest that 
there is a close relationship between the viruses of these diseases. 


M. S. MARSHALL. 


EPIDEMIOLOGY OF PoLiomyeLitis. C. Levapiti1, E. Scumutz and L. 
WILLEMIN, Ann. Inst. Pasteur 46:80, 1931. 


In this article are presented the results of a thorough epidemiologic study of 
an epidemic during the months from June to September, 1930, in the vicinity of 
Strasbourg, involving 405 persons (60.3 per hundred thousand), of whom 39 died. 


M. S. MARSHALL. 


PoviomyYeE.itis. C. Levapitr and L. WiLtemin, Ann. Inst. Pasteur 46:233, 
1931. 


Following an epidemiologic report in a preceding number of this journal, an 
experimental study is given. From the spinal cords of five patients who died in 
the early stages, four successful inoculations were made in monkeys. Difficulty 
was encountered in serial transfer. The cerebral cortex in these cases gave nega- 
tive results. In a case in which the spinal cord induced symptoms, the sciatic 
nerve gave negative results. Inguinal lymph nodes produced an abortive form 
of the disease, and tonsils removed during the evolution of poliomyelitis in a child 
induced definite symptoms in a monkey. Twice, in eight attempts, positive results 
were demonstrated with nasopharyngeal filtrates. Fecal filtrates killed animals 
inoculated with them, suggesting a toxin, before a reasonable period of incubation. 
Per os or on scarified nasal mucosa neither unfiltered nasopharyngeal secretion 
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nor feces conferred the disease. Water and milk, potentially naturally containing 
the virus, gave negative results. The virus survived at least two days in several 
species of mosquitoes tested, but direct transmission by this route failed. Flies 
did not appear to retain the active virus. Transmission by human contact is 


the favored hypothesis. M. S. MARSHALL. 


PNEUMONIC PLAGUE IN TuNIS. PautL DuRaANpD and Ernest ConserL, Arch. 
Inst. Pasteur de Tunis 19:245, 1930. 


An outbreak of pneumonic plague occurred in Tunis during the latter part of 
December, 1929, and the early part of January, 1930. There were sixty-five 
cases, all of which, except four, were fatal. This paper presents the results of 
clinical, pathologic and bacteriologic studies. A preceding paper by these authors 
considered epidemiologic observations. The period of incubation varied from two 
to three days. The sudden onset of symptoms, ending with cyanosis and death, 
is discussed. Death followed in less than four days in half of twenty-two cases 
studied. One case exceeded eight days. At autopsy the bodies were frequently 
cyanotic, with purple lips, and the skin marked with bloody effusions — “the ‘black 
death’ of the middle ages.” Rigidity was marked. There was inflammation of 
the pleura. The lungs showed areas of hepatization and violet zones of conges- 
tion and edema; hepatization was rarely red as in frank pneumonia and appeared 
microscopically as a mass of cells, white cells and baciili being numerous. The 
tissue was firm, did not recede under pressure and sank in water. The heart was 
usually dilated, and some fluid was contained in the pericardium. The liver and 
. the spleen were slightly congested; the kidneys appeared normal. The intestines 
were usually congested, and the peritoneal cavity contained some fluid. Blood 
cultures, after four or five days’ incubation, were usually positive in life or at 
autopsy. After the first day of the disease, sputum yielded excellent cultures. The 
lungs, and to a less extent the liver and the kidneys, yielded cultures at autopsy. 
Patients given vaccine by spraying the respiratory tract yielded cultures in the 
sputum late, if at all; puncture of the lung demonstrated their presence. No 
mixed infections were noted. M.S. Mabewisz. 


BRUCELLA INFECTIONS IN TUNIS AND IN Matta. I. F. Huppieson, Arch. 
Inst. Pasteur de Tunis 19:391, 1930. 


The organisms of Brucella were most frequently demonstrated in the blood 
during a rise in fever in the patient. All strains isolated from cases in man in 
Tunis and in Malta were, by the author’s methods, of the caprine or B. melitensis 
type, i. e., neither bovine nor porcine varieties. Cases were found to be more 


acute and to last longer. of @ Shigeese 


TUBERCLE BACILLEMIA IN VARIOUS DisEAsEs. E. LOEWENSTEIN, Miinchen. med. 
Wehnschr. 78:261, 1931. 


Loewenstein reports that with his cultural technic the tubercle bacillus has been 


isolated repeatedly from the blood of patients. Tinea Wt Miiebeee 


TRANSPLACENTAL TUBERCULOUS INFECTION. M. P. IsABOLINSKI and W. J. 
Grrowrtscu, Zentralbl. f. Bakt. (Abt. 1) 116:491, 1930. 


Tubercle bacilli passed through the placentas of tuberculous guinea-pigs and 
infected the fetuses, miliary tubercles being found in the lungs, liver and spleen, 
as well as tubercle bacilli and Much granules. 


Paut R. CANNON. 
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TueE FILTRABILITY OF TUBERCLE BACILLI AND OF OTHER BACTERIA. FRANZ 
Lucxscu, Zentralbl. f. Bakt. (Abt. 1) 117:1, 1930. 


Lucksch finds that granular developmental forms of the tubercle bacilli may 
be found in filtrates (Berkefeld and Chamberlin) in the sputum of tuberculous 
patients. The granules are not peculiar to tubercle bacilli, however, as they may 
also be found in filtrates from actinomycetes and many other micro-organisms. 
He believes that they develop within the animal body and cause lesions. They 
are probably forms of the bacteria modified by adverse environmental conditions 
and should not be considered as filtrable viruses. Pau R. Cannon. 


A LaBoraTory INFECTION WITH SCARLET FEVER. F. von BorMANN, Zentralbl. 
f. Bakt. (Abt. 1) 117:460, 1930. 


A woman, aged 20, while washing filters used in filtering cultures of streptococci 
from the throat washings of patients with scarlet fever, acquired an infection of 
the left hand. From twelve to fourteen days later typical scarlet fever developed, 
although the patient had not been in contact with any cases. Hemolytic strepto- 
cocci, culturally identical, were obtained from the wound and from the nasopharynx. 
The erythema produced by the filtrate from these organisms was neutralized by 


scarlet fever antiserum. Paws, BW Cannon. 


THE CAUSES OF THE ILLNESS IN INFANTS FOLLOWING VACCINATION WITH 
CALMETTE-GUERIN Bacitt1 in Lispecx. B. Lance, Ztschr. f. Tuberk. 


59:1, 1930. 


This is the final report from the Robert Koch Institute on the work that 
was done to decide what caused the death of numerous infants in Liibeck follow- 
ing vaccination with BCG. The conclusions are as follows: The fatalities were 
caused directly by the oral administration of the vaccine prepared in Deycke’s 
laboratory. The bacilli isolated from three infants dead of tuberculosis were 
pathogenic and caused progressive tuberculosis in guinea-pigs. Bacilli isolated 
from another infant who had died of intercurrent disease were not pathogenic for 
guinea-pigs. It is more than likely that the vaccines used consisted of a mixture 
of true BCG bacilli and a fully pathogenic strain of human bacilli. It must be 
assumed that the mixture was different at various times during the period of 
administration. There is not the slightest evidence that the BCG had increased 


in virulence. Max PINNER 





Immunology 


COMPLEMENT FIXATION IN YELLOW FEVER IN MONKEY AND IN MAN. GORDON 
Ernest Davis. Am. J. Hyg. 18:79, 1931. 


Serums from monkeys that have recovered from undoubted attacks of yellow 
fever invariably fix complement in the presence of virus-containing serums used as 
antigens. Serums from normal monkeys or from monkeys that have survived 
experimentation without infection as evidenced by death from yellow fever follow- 
ing the inoculation of a virus known to be active fail to fix complement in the 
presence of the same antigens. Serums from monkeys that have received successive 
doses of active virus, but that have shown no thermal reaction as evidence of 
yellow fever, fix complement in the same degree as serums from monkeys con- 
valescent from yellow fever. Serums from monkeys that have received successive 
doses of inactive virus fail to fix complement. Serums from monkeys that have 
received inactive virus (“vaccine”) followed by active virus may or may not 
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fix complement. Serums from monkeys that have been passively immunized with 
serum from convalescent monkeys and then inoculated with active virus do not 
fix complement unless there has been an apparent lowering of the immunity, as 
indicated by a thermal reaction to the virus. Serums from monkeys that have 
received convalescent human serum and active virus may or may not fix com- 
plement. Serums drawn from monkeys during the febrile period of the disease 
act as potent antigens. The antibody content of serums from monkeys convalescent 
from yellow fever is demonstrable in a few days following the termination of the 
febrile period and may remain fairly constant over a period of several months. 
Serums of monkeys that have survived yellow fever, which have given complement 
fixation, but which after some weeks give a weaker reaction, or in which comple- 
ment-fixing substances can no longer be demonstrated, may be brought to the 
original titer or to one much higher by the inoculation of fresh or inactivated 
virus-containing serum (55 C. for fifteen minutes). Complement fixation in yellow 
fever in monkeys does not depend on concomitant bacterial infection. Passive 
sensitization of both guinea-pigs and rabbits is additional evidence of a true antigen- 
antibody relationship in complement fixation in yellow fever. The rapid rise in 
the titer of the serum of a protected monkey following the inoculation of macerated 
infected mosquitoes is evidence of a biologic specificity. The biologic specificity 
of the complement fixation in yellow fever will probably remain undetermined 
until an antigen has been obtained that is less complex than blood serum or tissue 
extracts. Complement fixation, as used at present, can be of no assistance in 


determining areas of endemic yellow fever. Awencss: Scustene. 


HuMAN TRICHINELLA SPIRALIS INFECTIONS AND THE BACHMAN PRECIPITIN 
Test. GEorGE W. Hunter, Am. J. Hyg. 13:311, 1931. 


Six cases presenting histories and clinical courses suggestive of trichinosis are 
discussed. In three that offered a common source of infection the Bachman test 
was positive, although biopsy on specimens taken from the gastrocnemius muscle 
gave negative results. The factors responsible for the eosinophilia are probably 
the factors reacting in the test positive for precipitin. They are most evident in 
the third or fourth week of the infection. The hope for an early diagnosis of these 
cases rests in an intracutaneous test. The test for precipitin is an advance over 
the biopsy, but needs refinement. The possible value of the test for precipitin 
in diagnosing cases in livestock is mentioned. P. H-Gonuane. 


AcTIVE IMMUNIZATION AGAINST TyPpHUS FEVER WITH FORMALINIZED VIRUS. 
H. Zinsser and M. Ruiz CastaNnepa, J. Exper. Med. 53:325, 1931. 


We have adduced evidence that guinea-pigs can be completely or partially 
protected by three injections of typhus tunica material in which there are moderate 
numbers of Rickettsiae, treated for from twenty-four to forty-eight hours with a 
0.2 per cent solution of formaldehyde. We believe that the immunization is due 
to the presence of Rickettsiae, since in our preceding experiments we satisfied 
ourselves that these organisms are the true etiologic factors of the disease. For 
the reasons stated, we believe that the formaldehyde vaccine does not contain 
living, but attenuated, organisms, and that the immunizing effect is the result 
of treatment with formaldehyde-killed Rickettsiae. This point, however, we admit, 
is not absolutely determined. These experiments, with the results obtained in the 
concentration of Rickettsiae in material by the dietary method of reducing resistance, 
as described in the paper that follows, furnish a hopeful method and a reasonable 
theoretical basis for a procedure of active immunization against this disease in 
human beings. 


AvuTHors’ SUMMARY. 
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Non-Speciric Locat CuTaNgous ImMUNITY TO STAPHYLOCOCCUS AUREUS. 
J. A. Toomey and S. O. FreepLanper, J. Exper. Med. 53:363, 1931. 


Many substances besides the filtrates of broth cultures of Staphylococcus 
(Besredka) can be utilized as topical applications to protect guinea-pigs from 
the effects of massive doses of staphylococci given subcutaneously (plain broth, 10 
per cent peptone, 1 per cent peptone, Liebig’s meat extract, mustard plaster and 
normal horse serum). Where such protection occurs, no matter what the stimulus 
is, the local cutaneous reaction microscopically is the same as that previously 
described for broth compresses. Many topical applications of such substances as 
saline solution, water, plain compresses, etc., may confer slight protection on an 
animal. Specific filtrates (Besredka) confer no protection on the animal if applied 
at the time of inoculation or thereafter. The local protection described in our 


experiments is nonspecific. Aurece’ Stimeane 


IMMUNIZATION WITH MIXTURES OF POLIOMYELITIS VIRUS AND ALUMINUM 
Hyproxipe. C. P. Ruoaps, J. Exper. Med. 53:399, 1931. 


Experiments are presented that indicate that the virus of poliomyelitis can be 
inactivated by a certain preparation of aluminum hydroxide. This effect is seen 
at neutrality and at a hydrogen ion concentration of fu 5.5, but not at that of 
pu 88. Monkeys treated by repeated subcutaneous injections of the virus so 
inactivated evince immunity, as shown by resistance to intranasal instillation and 
intracerebral inoculation, as well as by the neutralizing power of their serums. 
The treatments that give rise to the immunity produce no symptoms of disease. 


AUTHOR’s SUMMARY. 


AcTIVE IMMUNIZATION AGAINST MEXICAN TypHuUS FEVER WITH DEAD VIRUS. 
H. Zinsser and M. Ruiz CasTaNEpDA, J. Exper. Med. 53:493, 1931. 


Guinea-pigs can be immunized against the virus of Mexican typhus by intra- 
peritoneal injections of formaldehydized rickettsia-containing material, provided 
sufficient amounts of the organisms are used. Our results in this respect are 
analogous to those of Spencer and Parker with phenolized virus of Rocky Mountain 
spotted fever. Suspensions of Rickettsiae appear to possess considerable toxicity. 
We do not wish to be misunderstood as implying that the results in guinea-pigs 
offer anything more than a demonstration of the principle of active immunization 
with killed Rickettsiae. The application to man will have to be worked out, and 
preliminary to this we are now attempting to apply the methods to monkeys. 


AvuTHorRs’ SUMMARY. 


IMMUNOLOGICAL RELATIONSHIPS AMONG THE PNEUMococcI. J. Y. SuGG and 
J. M. Neri, J. Exper. Med. 58:527, 1931. 


This paper reports interreactions of anaphylaxis and precipitation between 
antigens and antiserums derived from Pnewmococcus, type II, and from one variety 
of yeast. That the reactions occurred only with type II and not with types I 
and III is proof that the pneumococcal antigen responsible for the anaphylaxis 
of the animals sensitized to yeast was the type-specific carbohydrate (S). Pro- 
nounced differences in respect to reactivity with the pneumococcal antigen were 
found between antiyeast serums that were of equal potency in respect to reactivity 
with the yeast. This fact emphasizes the desirability of the use of separate anti- 
serums from a large number of animals in the study of microbial interrelationships. 


AvuTHors’ SUMMARY. 
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Potent ANTIPOLIOMYELITIC Horse SERUM CONCENTRATE. E,. R. WEYER, 
W. H. Park and E. J. Benzuar, J. Exper. Med. 53:553, 1931. 


The horse, apparently itself not susceptible to poliomyelitis, can be stimulated 
in certain cases, but not all, to the production of virucidal antibodies. The 
virucidal potency of such immune serum can be raised to a point comparable with 
that of human convalescent serum, and when concentrated and refined, it exhibits 
a fourfold increase in potency. Such concentrates have proved effective in the 
prevention of paralysis in inoculated monkeys when given intraspinously before 
the onset of paralysis. Treatment has been found to be more effective when the 
therapeutic serums have been given by the spinal route. Serum from “normal” 
adult donors has proved effective in neutralizing virus, but its potency is approxi- 
mately one-half that of serum from convalescent persons. 


AuTHors’ SUMMARY. 


SPECIFIC AND NONSPECIFIC POLYSACCHARIDES OF TypE IV PNEUMOCOCCUS. 
M. HEIDELBERGER and F. E. Kenpatt, J. Exper. Med. 53:625, 1931. 


Three nitrogen-containing polysaccharides have been isolated from autolyzed 
cultures of Pneumococcus, type IV: a carbohydrate specific for the type, differing 
markedly from those of types I, II and III, and representing a type of substance 
hitherto not observed among specific polysaccharides; a chemically similar carbo- 
hydrate without specific function, and the “C” substance, or species-specific poly- 
saccharide of Tillett, Goebel and Avery. The chemical differences between the 
specific polysaccharides of Pneumococcus are discussed, and the relationship of 
the new examples to chitin is pointed out, as well as the bearing of this relation- 
ship on the unsettled controversy as to whether or not chitin occurs in bacteria. 
The data of Tillett, Goebel and Avery on the “C” substance have been extended. 


AvuTHoRS’ SUMMARY. 


CONGENITAL PROTEIN HYPERSENSITIVENESS IN Two GENERATIONS. B. RATNER 
and H. L. Grueut, J. Exper. Med. 53:677, 1931. 


Hypersensitivity actively induced in utero is shown to persist for a longer 
period than passive sensitization. The degree of hypersensitivity, its duration and 
its transmissibility appear to be influenced by the time elapsing between the original 
injection of the sensitizing substance into the parent and parturition. A preg- 
nant guinea-pig receiving a parenteral injection of antigen from two to four days 
prior to parturition transmits a state of hypersensitivity to two succeeding genera- 
tions. The sensitization of the first generation is due to the passage of antigen. 
The sensitization of the second generation is due to the passage of antibodies 
formed in the first generation. This prevents any further transfer of the hyper- 
sensitive state. Though hypersensitivity occurs in two successive generations, the 
phenomenon is congenital and not hereditary. We believe that this phenomenon 
demonstrated in the guinea-pig is fundamentally related to the problem of con- 


genital sensitization of the human being. Auruos’s Scieany 


ANTIBODIES IN THE URINE AFTER INJECTION OF ANTITOXIC GLOBULIN. J. M. 
NerL1, E. L. Gaspari and J. Y. Succ, J. Immunol. 20:187, 1931. 


Tests for diphtherial antibodies were made on the urine of a child with a 
mistaken diagnosis of diphtheria who had received intramuscular injections of a 
large amount of the usual antitoxic horse globulin. The presence of the anti- 
body to the toxin was proved both by the capacity of the urine to neutralize the 
toxin in vitro and by in vivo neutralization of the toxin injected subcutaneously 
into guinea-pigs several, hours subsequent to intravenous injection of the urine. 
Therapeutic solutions of the diphtherial antitoxin contain not only the antibody 
to the toxin, but also an antibody of the antibacterial sort, recognizable by 
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agglutination of a degraded strain of diphtheria bacilli; a certain amount of these 
antibacterial antibodies was also contained in the urine of the child who had 
received the therapeutic solution. No serum protein was detected in the urine 
either by the usual chemical tests or by anaphylactic tests. The failure to detect 
the globulin in the urine was not considered evidence of a separation of the anti- 
toxin from the globulin, because both the chemical and the anaphylactic tests 
proved unable to detect the globulin in dilutions of therapeutic antitoxic globulin 
equivalent in concentration of antitoxin to that in the child’s urine. 


AuTnHors’ SUMMARY. 


THE ANAPHYLACTOGENIC ACTION OF THE PROTEIN FROM FILTRATES OF ACID- 
Fast Bacteria. J. H. Lewis and F. B. Sersert, J. Immunol. 20:201, 1931. 


The proteins isolated from filtrates of acid-fast bacterial cultures on a synthetic 
medium are actively anaphylactogenic. By use of the anaphylactic reaction it 
can be shown that a definite antigenic relationship exists between the proteins in 
the three types of tubercle bacilli and none between the tubercle bacilli and the 
timothy bacillus. Guinea-pigs infected with human tubercle bacilli are actively 
sensitized to the protein of tuberculin. This sensitization appears from four to 
six weeks after infection. Precipitating serums from guinea-pigs immunized with 
the protein of tuberculin can passively sensitize normal guinea-pigs. Precipitating 
serums from tuberculous guinea-pigs are very feeble in their ability to confer 
passive sensitization, despite the high titers of their precipitins. 


AvuTHorRs’ SUMMARY. 


ANAPHYLACTIC AND TUBERCULIN TYPES OF HYPERSENSITIVENESS. L. DIENEs, 
J. Immunol. 20:221, 1931. 


Tuberculous guinea-pigs sensitized with egg-white and also with various other 
antigens often die after intraperitoneal injection of these substances in a pro- 
tracted shock that is similar in many respects to the shock following injection 
of tuberculin. It is of special significance that a strong hemorrhagic reaction 
develops around the tuberculous lesion. This hemorrhagic reaction is not the 
result of the special sensitiveness of the lesion; it might be present in any inflam- 
matory area without regard to the origin of the inflammation. The shock from 
egg-white differs in two points from that from tuberculin. The symptoms often 
develop early after the injection, and in the early phases of the reaction and in 
the slight reactions a drop in temperature is usually present. These differences 
are probably connected with the presence of the usual anaphylactic sensitiveness 
after treatment with egg-white. When the latter is associated with sensitiveness 
to tuberculin, the shock from tuberculin often presents the same temperature 
curve and early onset of symptoms as the shock from egg-white. The capacity 
to react with severe, protracted shock develops later after the treatment than 
either the tuberculin type of cutaneous sensitiveness or the anaphylaxis. We 
observed it only in actively sensitized guinea-pigs, and our attempts to transfer 
it passively remained unsuccessful. The different manifestations of the hyper- 
sensitive condition develop in a large measure independently from each other. 
The independence of the severe, protracted shock from the anaphylactic shock 
is shown also by the observation that the desensitization to the acute anaphylactic 
shock does not interfere with the development of the severe, protracted shock. 
The severe, protracted shock from egg-white and the shock from tuberculin are 
probably analogous processes, but without a more thorough understanding of the 
physiologic mechanism of the reaction this conclusion must be regarded as only 
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Grovup-Speciric HuMAN Hemacc.tutinins. I. Davipsonn, J. Immunol. 20:239, 
1931. 


It was possible in a relatively small percentage of cases to remove partly or 
completely the group agglutinogens from the human red corpuscles by the 
mechanical procedure of repeated washing and shaking with physiologic solution 
of sodium chloride, thus confirming the results of Schuetz and Wohlisch and of 
Hallauer. It is possible to produce group-specific anti-A and anti-B immune 
serums by adsorbing the heterologous agglutinins in rabbit immune serums with 
the corpuscles A or B, respectively. By using unwashed human red blood 
corpuscles a relatively high percentage of group-specific agglutinating serums is 


obtained. AutHor’s SUMMARY. 


TRANSMISSION TO THE THIRD GENERATION OF ANTITOXIN. J. Y. Suae, L. V. 
RICHARDSON and J. M. Neti, J. Immunol. 20:255, 1931. 


A guinea-pig of the second generation transmitted to its own offspring (third 
generation) small amounts of antitoxin originally derived by active immunization 
of the first generation. Previous reports of failure of transmission were probably 
due to a quantitative inadequacy of the immunity originally transmitted to the 
females of the second generation to persist to the time of birth of the third 


generation. AuTHorRs’ SUMMARY. 


THE INFLUENCE OF HYPERSENSITIVENESS TO HORSE SERUM ON THE DURATION 
oF Locat PassivE ANTITOXxIC IMMUNITY IN Man. S. B. HooKER and 
E. M. Fovvenssy, J. Immunol. 20:269, 1931. 


The duration of a local passive immunity produced by injecting scarlatinal anti- 
toxin into the skin was compared in human subjects who were separable into 
three groups according to their endermic reactivity to horse serum. Those who 
responded negatively or with a reaction of the delayed type usually retained an 
effective portion of the test dose of antitoxin for more than twenty-four hours; 
those who reacted immediately disposed of antitoxin so much more rapidly that 
in less than four hours an equally effective portion was no longer demonstrable. 
That this accelerated disposal of antitoxin is specifically dependent on the allergic 
state seems highly probable; certain evidences that were not directly conformable 


to this hypothesis have been discussed. Auinns’ Stneaiéy 


EXTIRPATION OF THE ANTIGENIC DEPoT AND ANTIBODY PRODUCTION. EDWARD 
F. Roserts, J. Immunol. 20:291, 1931. 


A single injection of a minute amount of antigen suffices to stimulate the 
production of antibodies. Extirpation of the site of antigenic deposition as soon 
as ten seconds after inoculation serves to diminish slightly the extent of the pro- 
duction of antibodies. The amount of antigenic stimulation afforded has an appre- 
ciable, but not proportional, effect on the exteut of the production of antibodies. 
Antigen is immediately transported from its site of parenteral deposition to other 
parts of the body. The stimulus to the production of antibodies is the antigen 
itself, and this necessitates contact with the antibody-producing tissues. The 
initial stimulus is far more effective than are succeeding stimuli in determining 
the rate and the extent of the production of antibodies. The transmission of the 
stimulus is neither a function of the nervous system nor a reflex-like process, but 
simply the transportation of the antigen itself by way of the veins supplying 


the area inoculated. AuTHor’s SUMMARY 
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THE ULTRAMICROSCOPIC PRECIPITATION REACTION IN SYPHILIS. A, M. MALLoy 
and R. L. Kaun, J. Infect. Dis. 48:243, 1931. 


Studies on the nature of the ultramicroscepic reaction between antigenic sus- 
pension (Kahn) and syphilitic and nonsyphilitic serums led to the following results : 
The aggregates in the antigenic suspension and the precipitates in syphilitic serum 
have the same appearance under the ultramicroscope. The molecular complexes 
of antigenic suspension seem to form the structural units in building up the pre- 
cipitates in serum. Both syphilitic and nonsyphilitic serums possess the property 
of precipitation when mixed with antigenic suspension, syphilitic serum in a marked 
degree and nonsyphilitic serum in a slight degree. When a mixture of serum and 
antigenic suspension is shaken for several minutes, the reaction is brought prac- 
tically to completion and is little affected by incubation. Without shaking, incuba- 
tion aids precipitation. Sensitized antigenic suspension and syphilitic serum give 
results similar to those with standard antigen. Nonsyphilitic serum reacts more 
with sensitized than with standard suspension. Syphilitic rabbit serums give 
the same ultramicroscopic picture as syphilitic human serum. The same holds 
true as to nensyphilitic rabbit serums, except that after prolonged incubation these 
show a greater tendency toward precipitation than do nonsyphilitic human serums. 


AvuTHoR’s SUMMARY. 


Tue Toxrin-Antitoxin Union. A. V. Stoesser, J. Infect. Dis. 48:255, 1931. 


All experiments with the watery extract of the mushroom, Amanita phalloides, 
as toxin and its immune rabbit serum as antitoxin have given results that are 
compatible with the theory that the union with neutralization of the antigen, toxin 
and the antibody, antitoxin, is a colloidal adsorption phenomenon. This colloidal 
union is slower, but firmer, at temperatures much below that of the room, such 
as 4 C., and rapid and more dissociable at a higher temperature, such as 37 C. 
When a firm union has been formed, after a sufficient length of time has elapsed, 
the toxin and the antitoxin cannot be dissociated by simple dilution (with isotonic 
saline solution), regardless of the temperature at which they were permitted to 
interact. The effect of simple dilution on this adsorption union shows that in 
getting quantitative relationships between the toxin and the antitoxin, the concen- 
tration of each is probably as important as the absolute amount of each present. 
In combining with each other, toxin and antitoxin behave as colloids, but the 
specificity of this process of neutralization is not explained by present knowledge 


concerning colloids. Aurmoe’s Suunany. 


NEUTRALIZATION OF SKIN REACTION BY ANTIMENINGOCOCCUS SERUMS. G. 
SHWARTZMAN, J. Infect. Dis. 48:339, 1931. 


The potency of antimeningococcus serums was measured by the phenomenon 
of local skin reactivity. The majority of serums at present applied therapeutically 
are poor in neutralizing antibodies. A prolonged period of immunization with 
toxic filtrates and live cultures proved necessary for the development of potent 
serums. Group and “variant” specificity of meningococcal toxic filtrates was 


demonstrated. From AvuTHor’s SUMMARY. 


Brucetta Aportus. R. Gwartkin, J. Infect. Dis. 48:381, 1931. 


Injections of killed suspensions, filtrates (heated and unheated), ground bacterial 
extracts and suspensions, and formaldehydized suspensions gave no evidence in 
guinea-pigs of protection to subsequent infections with living Brucella abortus. 
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IMMUNITY IN THE LuNGS OF RABBITS FOLLOWING IMMUNIZATION WITH PNEU- 
mococcr. G. W. Stuppy, P. R. Cannon and I. S. Fark, J. Prev. Med. 
§:97, 1931. 


The mechanism of the active immunity produced by vaccination with pneumo- 
cocci in these experiments may be somewhat as follows: The disposal of the 
pneumococcal bodies by the phagocytes of the lung during the course of the 
immunization stimulates the phagocytic tissues to increased functional activity, as 
well as to the production of increased numbers of macrophages. Antibodies are 
also probably produced locally, as well as generally, during this process. The 
later intrabronchial insufflation of living pneumococci is followed by a more active 
response of the pulmonary tissues because of the previous “sensitization” by 
vaccination. The pneumococci are localized and destroyed within the pulmonary 
tissues because of the increased activity and larger numbers of macrophages avail- 
able, as compared with those in the normal lung. As a part of this process, poly- 
morphonuclears may have an important rdle in the early stages. Furthermore, 
agglomerating and opsonizing immune bodies may facilitate the more rapid removal 
of the pneumococci. The reaction is predominately cellular, although obviously 
not independent of humoral agencies. fuces Avrnoas’ Summary. 
IMMUNIZATION WITH STAPHYLOCOCCUS FiLTRATES. G. M. Dack, E. O. JoRDON 

and O. Woovpert, J. Prev. Med. 5:151, 1931. 


Four human subjects fed with gradually increasing doses of staphylococcal 
filtrates, reaching amounts of from 25 to 32 cc., appeared to acquire some tolerance 
to the poison of the particular strain used in the immunization. Heterologous 
filtrates (10 cc.) taken at the conclusion of the “immunizing” treatment produced 
no symptoms in one subject. Two other volunteers, however, when fed respectively 
2 and 10 ce. of the filtrate of a heterologous strain, showed definite symptoms, 
which in the person receiving the larger dose were violent. A fifth subject was 
extremely sensitive to small doses of filtrate and did not acquire any tolerance. 
Rabbits given intravenous injections of gradually increasing doses of staphylococcal 
filtrates acquired tolerance both toward the staphylococcal poison of the strain used 
in immunization and toward that of a heterologoxss strain. Serum from four normal 
persons, from a patient with active chronic osteomyelitis and from one with an 
old healed lesion of osteomyelitis, when injected along with staphylococcal filtrate, 
did not protect rabbits against the staphylococcal poison. Serum from “immunized” 
men and rabbits. did not protect monkeys or rabbits when it was mixed with potent 
filtrates and injected intravenously, nor did such serum protect a human volunteer 


who swallowed it mixed with a potent filtrate. Ripncas’ -Sumuany 


TUBERCULIN SENSITIVITY IN Rats. Harry ScuuTzeE and S. S. Zirva, Brit. J. 
Exper. Path. 11:489, 1930. 


Rats fed a diet deficient in fat-soluble vitamins A and D become more sensitive 
to the lethal effects of big doses of tuberculin after infection with Bacillus tuber- 
culosis, but a similar sensitivity is displayed by the tuberculous rat toward the 
toxic effects of a suspension of killed organisms of the genus Salmonella. The 
response is therefore not to be regarded as a specific one. 


AutTHors’ SUMMARY. 


THE CONCENTRATION OF THE PROTECTIVE SUBSTANCE IN ANTIPOLIOMYELITIS 
Serum. W. T. J. Morcan and R. W. Farrsprortuer, Brit. J. Exper. Path. 
11:512, 1930. 


From the experimental results obtained with the serum from a horse immunized 
with living poliomyelitic virus, it would appear that the protein precipitated at a 
relatively low concentration of ammonium sulphate is uniformly much more potent 
in antiviral action per unit weight of protein than that precipitated at higher con- 
centrations of this salt; and, in conformity with this result, the protein thrown 
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out of solution by dialysis of the immune serum and the serum protein that is 
insoluble in saturated solution of sodium chloride has been shown to possess 
potent antiviral properties. The evidence indicates that in this serum there is a 
general distribution of the antibody throughout the serum proteins, since carefully 
fractionated preparations of the pseudoglobulin and albumin possess definite, 
although slight, virus-neutralizing properties. Avuruons’ SUMMARY. 


THe ABSORPTION OF DIPHTHERIA AntTiToxIN. A. T. GLenny, A. G. Hamp 
and M. LLEwE.Ltyn-Jones, Brit. J. Exper. Path. 12:21, 1931. 


There is a considerable difference in the total amount of antitoxin absorbed 
into the blood stream by different guinea-pigs given subcutaneous injections of 
the same amounts of serum. No conclusions can be drawn from experiments on 
a limited number of animals. There is no significant difference in the amount of 
antitoxin absorbed as between that given diluted and that given undiluted. The 
rate of absorption of antitoxin depends on the amount of protein injected com- 
pared with the weight of the animal. The amount of antitoxin absorbed in six 
hours may be reduced by the addition of a great excess of protein, to about 25 
per cent of that absorbed without such addition. The influence on the rate of 
absorption of the amount of protein injected is greatest when the latter is large 
in relation to the weight of the animal. The average concentrated therapeutic 
serum is absorbed at least as rapidly as unconcentrated serum containing the same 
number of units when small doses are injected and more rapidly when large 


doses are given. AutHors’ SUMMARY. 


SEROLOGICAL VARIETIES OF TypHuUS Fever. A. FeEeLrx and M. RHODEs, 
J. Hyg. 31:225, 1931. 


Fletcher and Lesslar’s observations on two serologic types of tropical typhus 
have been fully confirmed. The antigenic relationship between the indologenous 
Bacillus proteus X 19 and the nonindologenous Kingsbury strain is of the same 
order as that obtaining between the X 19 and X 2 types of B. proteus X. The 
Kingsbury strain is an antigenic variant derived from the original X 19 culture 
and represents another serologic type of B. proteus X. The symbol X K is sug- 
gested for this type. Serums from persons with classic European typhus and 
from persons with the endemic typhus of the United States of America and of 
Australia have been tested for the occurrence of main and group O agglutinins 
for the known types of B. proteus X. H agglutination as a source of error in 
the diagnosis of typhus is illustrated by some examples. Serums from persons 
with the tsutsugamushi of Sumatra and Japan react with type X K like those 
from Malayans with this disease described by Fletcher and his co-workers. The 
latter reaction is of the order of group O agglutination. It-is suggested that anti- 
genically the virus of tsutsugamushi corresponds to a serologic type of B. proteus 
X that is yet unknown. The data published on the reactions of the serums of 
persons with Rocky Mountain spotted fever and of persons with the “fievre 
exanthematique” of Marseilles are analyzed. It is suggested that these two dis- 
eases represent further serologic varieties of typhus. The significance hitherto 
attached to negative results in agglutination tests with B. proteus X: and to those 
in cross-immunity tests obtained in some cases of typhus-like disease requires 


revision in the light of recent observations. Aurwors’ SUMMARY. 


Tue INTRACUTANEOUS METHOD oF TESTING DIPHTHERIA TOXIN AND ANTI- 
ToxIn. A. T. GLENNy and M. LLEwettyn-Jones, J. Path. & Bact. 34:143, 
1931. 


The intracutaneous method of titrating diphtherial toxin and antitoxin is more 
convenient, rapid and accurate than the subcutaneous method. By the intra- 
cutaneous method it is possible to determine the presence of as little as “%o,o00 


unit of antitoxin in 0.1 cc. of serum. Aistheise Gememane 
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PasstvE IMMUNITY wITH PNEumococcus III. L. Coronr and N. CHAMBRIN, 
Ann. Inst. Pasteur 45:706, 1930. 


Various antigenic preparations were injected into both rabbits and horses over 
varying periods of time. Complete protocols are tabulated for the rabbits used. 
The antigens were prepared by drying the sediments from centrifugated cultures 
at 35 C., or by using alcohol-ether dried material. The injections were made by 
subcutaneous, intramuscular and intravenous routes. The animals withstood the 
injections well. The serums showed antihemolytic power, not specific for type, 
but agglutinins and precipitins were rarely noted. The protective properties were 
tested on mice by injecting 0.1 cc. and 0.2 cc. of serum subcutaneously, followed 
the next day by from 100 to 10,000 niinimum lethal doses of pneumococcus, 
type III. Of forty-eight rabbits, variously inoculated, twenty-nine produced 
protective serum. The best results were obtained, both in rabbits and in horses, 
with small doses of dried antigen. te 6 Miseesis 


INFLUENCE OF CALMETTE-GUERIN BACILLI ON ANIMALS INFECTED WITH 
Tusercutosis. I. Leviran, D. Loknor? and V. KosMODEMIANSKI, Ann. 
Inst. Pasteur 45:740, 1930. 


No modifications of a general tuberculous infection were noted, as compared 
with controls, in guinea-pigs and rabbits given injections of BCG (from 2 
to 19 doses), though the survival was somewhat greater. Little difference 
in the pathologic anatomy was apparent. The lesions, particularly those in the 
lymph nodes and in the liver, seemed to develop a more fibrous character in 
vaccinated animals surviving for a relatively long period. There was a slight 
systemic response to the injections of vaccine in tuberculous animals. 


AvutTHors’ CONCLUSIONS. 


IMMUNITY IN EXPERIMENTAL PLaGcue. A. Compton, Ann. Inst. Pasteur 45:754, 
1930. 


The therapeutic efficiency of serum and of bacteriophage was studied in mice 
experimentally infected with plague. Experiments in prophylaxis were also carried 
out, in which use was made of Haffkine’s vaccine and bacteriophage, some of 
which had been treated with formaldehyde and was lytically inactive. Serum in 
large doses had apparent therapeutic value, but the bacteriophage was not effective. 
However, the bacteriophage, both the normal filtrate and that treated with for- 
maldehyde, had some value as a prophylactic agent. Animals treated with one 
or two doses of bacteriophage showed in some instances a state of hypersus- 
ceptibility, but with three injections protection was good. Immunity thus estab- 
lished seemed to be antibacterial and antitoxic, and to be greater than that attained 


with Haffkine’s vaccine. M. S. MARSHALL. 


Nervous SysTEM AND REFLEXES IN ImmuNTy. S. METALNIKOv, Ann. Inst. 
Pasteur 46:137, 1931. 


Certain defensive reactions occur in response to rubbing or to warming of the 
skin of previously immunized animals. On this basis, a hypothesis that immunity 
is a vital phenomenon, like digestion or respiration, is developed. To the usual 
response to bacteria, considered an adaptation, is added a reaction having its seat 
in the nervous system, considered a defensive reaction of general significance. 
Experimental observations involved the injection of heated bacteria of various 
species, followed by a study, under stimulation, of leukocytosis, agglutinins and 
degree of protection. 


M. S. MARSHALL. 
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PURIFICATION AND CONCENTRATION OF DIPHTHERIAL Toxin. S. Scumuiprt, A. 
HANSEN and K. A. Kjaer, Ann. Inst. Pasteur 46:202, 1931. 


Toxin and toxoid (anatoxin) were purified by means of aluminum hydroxide, 
with a coincident concentration of nearly a hundred times. Material so prepared 
presented good flocculation with antitoxin and had good immunizing potency in 
guinea-pigs. Trials in progress (Madsen) indicate that in man the immunizing 
power is high and the reactions are notably lower than with the standard product. 

M. S. MARSHALL. 


PULVERIZED PLAGUE VACCINE VIA THE RESPIRATORY TRACT. CHARLES 
NIcoLLe, Paut Duranp and Ernest Consert, Arch. Inst. Pasteur de Tunis 


19:267, 1930. 


Vaccination by spraying was attempted in the outbreak of pneumonic plague 
in Tunis (from December, 1929, to January, 1930). Other methods were also 
attempted. Of 866 isolated contacts, 503 were vaccinated subcutaneously and 363 
_ by way of the respiratory tract (50 of the latter also receiving subcutaneous 
injections). In the first group there were 6 cases and 5 deaths; in the second 
group there were 3 cases and 1 recovery. Those in the second group were con- 
sidered to have been in closer contact with cases than those in the first group. 
In a subsequent paper on the same subject, dealing with rural cases (Georges 
Villain, p. 277), it is concluded that this method of vaccination resulted in the 
rapid cure of colds or banal coryzas, and that conditions favorable to the develop- 


ment of the plague bacillus might be suppressed. M.S. Mamsmatt. 


SERUM PROPHYLAXIS IN MEASLES. CHARLES ANDERSON and F. Gérarp, Arch. 
Inst. Pasteur de Tunis 19:435, 1930. 


Following the principles implied in the idea of local immunization, persons 
who had come in contact with patients with measles but who had not previously 
had the disease were treated thrice daily by a drop of convalescent serum in each 
eye. Although only thirty patients are reported on thus far, all of those treated 
in this way escaped the disease, whereas measles developed in other contacts within 


the usual period. M. S. MARSHALL. 


THE RIECKENBERG Reaction. S. INove, Zentralbl. f. Bakt. (Abt. 1) 117:80, 1930. 


The Rieckenberg reaction, which manifests itself in the adhesion of blood 
platelets to spirochetes in the presence of their immune serum, was studied in 
detail. With Spirochaeta duttoni it may be obtained at the temperature of the 


room, reaching its maximum in from twenty to thirty minutes, is only obtained 


with living, motile spirochetes, and can be secured with bacteria and granules 
of ink, as well as with platelets, these all serving merely as indicators of increased 
adhesiveness of the spirochetes as influenced by the immune body. The latter is 
in the serum, as well as in the plasma, is destroyed by heating at 72 C. for thirty 
minutes, is strongly specific, is formed by the injection of killed spirochetes and 
can be demonstrated in the fetuses of an immune mother. By this reaction, in 
combination with agglutination, etc., S$. icteroides (Noguchi) was found to be 
identical with S. icterohaemorrhagiae. In the serums of five patients ill of Weil's 
disease, the Rieckenberg reaction occurred with S. icterohaemorrhagiae seven days 
after the beginning of the illness and again five months later. 


Paut R. CANNON. 
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Tumors 


SALTING OuT OF THE AGENT OF CHICKEN TUMOR WITH THE GLOBULIN OF 
FittraTes. M. R. Lewis and W. MENDELSOoHN, Am. J. Hyg. 12:686, 1930. 


It is evident that in tumor extract the virus itself may be of a globulin nature 
or it may become attached to the precipitated particles of globulin. If the latter, 
the virus is not fixed to the globulin but can be released in the tissue of the chicken 
and there bring about the growth of a tumor. Isolation of the virus will depend 
largely on the elucidation of the problem as to which type of union exists between 
the virus and the globulin. Auenocas Sowa, 


INTRAMEDULLARY TUMORS OF THE SPINAL Corp. JAMES W. KERNOHAN, 
Henry W. WoLtTMAN and ALFRED W. Anson, Arch. Neurol. & Psychiat. 
25:679, 1931. 


The tendency to classify the tumors of the central nervous systems, especially 
the glioma group, according to the type of embryonic cells they contain and their 
evolution was mainly directed toward the brain tissues. Tumors of the spinal 
cord were much less studied along these lines, for they are rarer. Kernohan, 
Woltman and Adson had the unusual opportunity to study such tumors and 
classify them according to the latest standards. Of a total of ninety-one intra- 
medullary tumors, it was possible to study microscopically fifty-one cases. The 
conclusion the authors arrived at is that the tumors of the spinal cord in no 
way differ from such tumors in the brain; that is, the types of tumors found in the 
spinal cord are the same as those present in the brain. The exception is spongio- 
blastoma multiforme which is rare in the spinal cord. 

The tumors found were: astroblastoma, medulloblastoma, hemangioblastoma 
and ganglioneuroma, and one tumor classified as fibroma, one as lipoma and one 
as tuberculoma. In five cases a syringomyelia was associated with the following 
intramedullary tumors: one hemangioblastoma, two ependymomas, one medullo- 
blastoma and one oligodendroglioma. In three cases gliomas were present in the 


subarachnoid space. GEORGE B. HAssInN. 


PRIMARY MELANOBLASTOSIS OF THE LEPTOMENINGES AND BRAIN. FREDERIC J. 
FARNELL and JosepH H. Grosvus, Arch. Neurol. & Psychiat. 25:803, 1931. 


A boy, aged 16, suffered for six months from repeated epileptiform attacks, 
headaches and fainting spells. When in the hospital he also vomited, developed 
drowsiness and had a temperature of 101 F. The spinal fluid was xanthochromic, 
contained six cells per cubic millimeter and gave a negative Wassermann reaction. 
Many pigmented nodes were seen on the trunk and legs. The fundus, pupils and 
the cranial nerves in general were normal, excepting a right supranuclear facial 
weakness; the tendon reflexes in the lower extremities were diminished, but a 
bilateral clonus was present; the Babinski sign was absent. During the following 
weeks the patient grew worse; the reflexes and the clonuses gradually disappeared, 
the cranial nerves become markedly involved (all the branches of the facial 
became paralyzed), the convulsions grew more frequent, and forty hours before 
death, a swelling of the disks began to show. Necropsy revealed grossly thickened 
meninges filled with black pigmented tumor cells over the ventral surface of both 
cerebellar lobes, pons, medulla and spinal cord, extending cephalad as far as 
the chiasm; in the meninges the cells somewhat resembled chromatophores. They 
most likely invaded the brain tissues secondarily. Other tumor cells were devoid 
of pigment; they were epitheliod or spindle shaped, resembling a sarcoma. Addi- 
tional phenomena were cytoplasmic macroglia, and microglia, enclosing melanin, 
marked vacuolization of the brain and a hydrocephalus because of obliteration of the 
pontile and the interpeduncular cisterns. No tumor masses were present elsewhere 
in the body. The authors consider their case an instance of a primary melano- 
blastosis of the central nervous system, regardless of the presence in their patient 
of numerous nodes over the trunk and legs. 


GEORGE B. HAssIn. 
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MALIGNANT LympHoIp HyperpPLasIA IN Mice. FLorence McCoy HI, 
J. Cancer Research 14:325, 1930. 


Of 216 mice, 134 showed various forms of malignant hyperplasia regarded 
as leukemia, pseudoleukemia, lymphosarcoma and Hodgkin’s disease. Judging from 
widespread invasion of organs and tissues and the destruction of normal architec- 
ture, these different forms were regarded as malignant. In all of these varieties 
several stages in the differentiation of the granular and nongranular cells of the 
blood existed side by side. It is believed that all these diseases form one single 
group. The growths arise from the unrestrained multiplication of a primitive 
cell, and the multiform appearances that are assumed later result from the 
secondary differentiation. The primitive cell behind all these varieties is the 


free reticular cell, from which all white blood cells are probably derived. 
B. M. FRrRiep. 


THE SEROLOGICAL DraGNosis OF CANCER. W. M. WriGut and C. G. L. WoLr 
J. Cancer Research 14:370, 1930. 


The authors were able to confirm the results of Fuchs in the diagnosis of a 
malignant condition on the basis of the action of serum from patients with cancer 
on normal fibrin. The test appears to follow Schutz’s law. The reaction increases 
in velocity up to 45 C. and stops at 56 C. It is, within certain limits, dependent 
on the amount of substrates used. Other proteins of the blood cannot be utilized, 
but washed muscle suitably treated can be used instead of fibrin though this 
product loses its characteristics on standing much more easily than does fibrin 
itself. No cases diagnosed clinically as malignant have so far fallen into the 
group of cases giving a negative reaction. An alternative method of following 
the reaction by alcohol titration of the products of proteolysis is described. 

B. M. FRrRrep. 


ErFect OF RADIATION ON BLOOD CHOLESTEROL IN MALIGNANT DISEASE. 
W. L. Martrick and M. C. Rernnarp, J. Cancer Research 14:426, 1930. 


Cholesterol content of the blood of twenty-five patients with cancer was 
determined before and after irradiation with high voltage x-rays at one half 
hour intervals over a period of three hours, thus supplementing a previous study 
on the blood of thirty-six patients with cancer. The authors could not notice 
any characteristic change in the cholesterol level in the whole blood of the cases 
studied in the three hour period. It is concluded that high voltage X or gamma 
radiation causes a decrease in the cholesterol content of blood from the pre- 
irradiation level and that this seems to constitute its most characteristic effect 
on this blood constituent. BMF 

. M. Friep. 


THE DETECTION OF SMALL QUANTITIES OF LEAD IN THE TISSUES. FRANCIS 
CaRTER Woop, J. Cancer Research 14:476, 1930. 


Lead, either in the colloidal state or as an organic compound, when injected 
intravenously, can be demonstrated by a suitable technic in both inoculated and 
spontaneous tumors in animals. B M Faren 


THE INFLUENCE OF SUPRARENALIN (EPINEPHRIN) ON THE GROWTH OF 
CARCINOMA AND SARCOMA IN ANIMALS. K. SuGrurRa and S. R. BENeEprct. 
J. Cancer Research 14:487, 1930. 


Reicher, in 1910, and some other workers produced evidences to show that the 
injection of epinephrine in the neighborhood of rat sarcoma and mouse carcinoma 
caused a central necrosis and subsequent destruction of these tumors. Sugiura 
and Benedict after a preliminary study of the toxicity of epinephrine on the 
Flexner-Jobling rat carcinoma and the Rous chicken sarcoma found that the 
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development of small tumors in animals is completely inhibited by repeated intra- 
tumoral injections of epinephrine, while large tumors are seldom beneficially 
affected by repeated injections. The repeated subcutaneous injection of this 
substance at a remote point does not affect the growth of rat carcinoma and 
chicken sarcoma. In vitro experiments have shown that epinephrine partially 
inhibits the proliferating ability of the Flexner-Jobling tumor whereas the Rous 
sarcoma remains unaffected. The authors state that if there is any possible 
therapeutic value of epinephrine for the treatment of cancer it is limited to local 


application. B. M. Friep. 


Tue EFFECT OF THE INTERNAL SECRETIONS UPON THE DiIvIsION ENERGY OF 
ParaMEciA. G. L. ROHDENBURG, J. Cancer Research 14:509, 1930. 


Spleen, liver, thymus, adrenal and testes act as a stimulant on the division 
energy of Paramecia; thyroxin, insulin, pituitary and parathyroid . inhibit its 
division. The ovary has no influence. ott Pak 


Tue EFrFrect oF IRRADIATED ERGOSTEROL AND INCREASED CALCIUM ON GROWTH 
or Tumor TissuE. ALFRED GOERNER, J. Cancer Research 14:545, 1930. 


Goerner studied the effect of irradiated ergosterol on the rate of growth of 
Flexner rat carcinoma and on the deposition of calcium in the tumor. The results 
obtained show that there is no difference in rate of tumor growth in the treated 
and untreated groups of animals. There likewise was no difference in the deposi- 
tion of calcium in the tumors of the treated and untreated groups of animals, nor 
a difference in the ash content of tumors of the two series. B i. Pace 


Tue STATISTICS IN NEw YoRK STATE FOR THE Four-YEAR PERIOD 1925-1928. 
Joun M. Swan, J. Cancer Research 14:548, 1930. 


Cancer is increasing in the state of New York, exclusive of New York City, 
but not in a constant ratio. In fact, in the last year the increase was definitely 
tower than that of the year before. ’ 

If there are 7,000 deaths from cancer annually in the state of New York, 
there must be about 21,000 cases of cancer in the state all the time, assuming that 
the average life of the patient with cancer is three years. 

As a rule, in those communities in which cancer is looked on as a problem 
capable of solution, or at least of improvement, the death rate tends to be lower 
than in those communities in which this is not the case. 

Educational activities are called for both for the medical profession and the 
laity throughout the state, particularly in the rural communities. 

If we are able to get the physician and the layman to look on cancer as a 
problem to be solved, instead of as a hopeless situation, further improvement may 


be expected. AvUTHOR’s SUMMARY. 


CARBOHYDRATE TOLERANCE AND ALKALOSIS IN MALIGNANT DISEASE. PAULINE 
Berecorr, J. Cancer Research 14:559, 1930. 


The purpose of this investigation was to observe the alterations in the blood 
chemistry associated with malignant disease and to determine the value of such 
changes in the diagnosis of human cancer. 

The study was made on 281 patients with cancer, the ages of the patients 
ranging between 28 and 68 years. The investigation has shown that all blood 
specimens of patients with cancer exhibit a positive carbohydrate curve and a 
tendency to alkalosis. However, positive carbohydrate curves were obtained in 
other pathologic conditions such as hyperthyroidism, acromegalia and diabetes, 
but in these diseases no alkalosis was demonstrable. As.an indication of the 
presence of malignant disease a positive carbohydrate curve is significant only in 
the presence of alkalosis. It would appear that the carbohydrate tolerance test 
and the hydrogen ion concentration are of greater value in eliminating the presence 
of malignant disease than of proving its existence. B. M Pasms 
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Tue Lire History oF THE FEMALE MAMMARY GLAND IN Two STRAINS OF 
Avsino Mice. Lyp1a M. Grsson, J. Cancer Research 14:570, 1930. 


Since the mouse is used extensively in cancer research, and since cancer of 
the mammary gland is a well recognized entity in certain strains of mice, a 
comparative study of this organ was made. For that purpose two strains of mice 
were investigated ; one showing a low incidence of mammary cancer in the females, 
and the other showing a high incidence. The study has shown that in the strain 
with a high incidence of mammary cancer the nipple zone in the embryo has a 
tendency to develop faster than that of the control strain. It is likewise inclined 
to show anomalies in the development of the nipple whereas the control strain has 
a tendency to have the mammary gland involute and fibrose in an orderly fashion as 
age advances. In the group with a high incidence of cancer the epithelial elements 
of the gland are inclined to metaplasia as age advances. The neoplasms develop 


in zones of chronic cystic mastitis. Aurnon’s Summany. 


THE ONCOGENIC FACTOR IN THE BLOOD AND THE ORGANS OF ANIMALS WITH 
INOCULATION Tumors. T. ANARDI, Tumori 16:401, 1930. 


Normal rats were injected with the serum, the red corpuscles and emulsion of 
organs of animals that had been previously inoculated with tumor emulsion and of 
tumor-bearing rats whose tumor had been removed. It was shown that the trans- 
mission of tumors through the blood and the organs of animals with tumors 
depended on the neoplastic cells that could be found in the circulation and the 


parenchyma of the organs. EmMeErRiIcH HAAM. 


ACTION OF MAGNESIUM ON THE ADENOCARCINOMA OF THE Rat. A. BOLAFFI, 
Tumori 16:420, 1930. 


Neither the iodide, chloride or the phosphate of magnesium had any effect in 
the development of inoculation tumor in rats. The magnesium ion had no value 


in the treatment of cancer. Dcormnnnet Stan 


XANTHOPROTEIN, Liporps AND DEXTROSE IN THE BLOOD SERUM OF PERSONS 
witH CANCER. F. BENso, Tumori 16:425, 1930. 


The substances giving the xanthoprotein reaction are not increased in the serum 
of patients with malignant tumors. The lipoid substances are increased in 
cancer serum but become normal after the tumor is removed. The dextrose 
curve shows a marked difference consisting in a rapid increase and a slow decrease. 


Removal of the tumor turns the curve toward normal. a 


Sort AND DRINKING WATER IN RELATIONSHIP TO MALIGNANT TUMORS IN 
Iraty. A. M. Bonanno and L, prt Cortemiciia, Tumori 16:433, 1930. 


The varying development of sanitation in the various regions, the high child 
mortality and deaths from syphilis and alcoholism make the study difficult. Any 
influence of cosmic rays, of geologic constitution and of drinking water in the 


distribution of malignant tumors is denied. EmmMericu HAam. 


PRIMARY SARCOMA OF THE PANCREAS. M. TCHEREPNINA, Centrabl. f. allg. Path. 
u. path. Anat. 50:50, 1930. 


In addition to its rarity (Gruber has found only fifty primary sarcomas of 
the pancreas in the world literature), the tumor herein mentioned was of interest 
because of the conditions associated with it. The tumor of the head of the pancreas 
was the size of an orange and was surrounded by adhesions; it apparently began 
in a markedly cirrhotic pancreas. It was of the polymorphocellular variety, and 
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by extension along Wirsung’s duct formed a polyp-like projection in the lumen of 
the duodenum. The liver was the site of an atrophic cirrhosis, and because of this, 
jaundice and ascites formed the background of the clinical picture. In attempting 
to link the various disease processes encountered, Tcherepnina considered inflam- 
mation of the pancreatic ducts primary, eventually leading to submucosal sclerosis 
and motor and secretory disturbances. The latter allow of toxic decomposition 
products in the intestinal tract, and these eventually injure the liver when brought 
there in the portal venous blood. Georcz RUESTINAT. 


Mice as Inpicators oF CARCINOGENIC NoxaE. O. TEUTSCHLANDER, Deutsche 
med. Wchnschr. 56:2166, 1930. 


A mouse, caught in a briquet factory, presented numerous squamous cell 
carcinomas and warts. The growths resembled the pitch warts and pitch cancers 
observed in some of the workers in the factory. There was pitch dust in the fur 
of the mouse. The spontaneous cancer in the mouse is regarded as evidence of the 
presence of “carcinogenic noxae” in the factory. It is suggested that mice should 
be kept in certain factories and other places for the purpose of acting as indicators 
of the presence of carcinogenic factors. 





Medicolegal Pathology 


AcuTE PuospHorus Potsoninc. ELEANOR M. Humpureys and Beta HALPERT, 
Am. J. Dis. Child. 41:354, 1931. 


The risk of acute phosphorus poisoning has been decreased, but not eliminated, 
by the prohibition of the manufacture: and sale of yellow phosphorus matches. 
The ingestion of fireworks containing phosphorus is a cause of acute phosphorus 
poisdning in children. A case of fatal phosphorus poisoning in a 4% year old boy, 
traced to this source, is described. A review of the literature reveals twelve other 
cases. There is evidence that this figure does not give a true idea of the frequency 
of phosphorus poisoning caused by fireworks. The commonly implicated agent is 
a single type of fireworks variously known as “Son-of-a-Gun,” “Devil-on-the-Walk” 


and “Spit-Devil. Avutuors’ SUMMARY. 


GRAVE ANEMIA IN PREGNANT WOMEN FROM BENZENE INTOXICATION. M. A. 
BRENDEAU, Ann. d. méd. lég. 11:95, 1931. 


Two women in the fifth month of pregnancy with marked anemia were employed 
in the same printing establishment and used xylene to clean type. One recovered 
after hysterectomy and transfusions of blood, and the other died following the 
same treatment. Chemical analysis of the xylene used revealed metaxylene and 
other toxic substances. , ARB 

A. R. BRYANT. 


Lucip INTERVAL BEFORE DEATH AFTER Two CRANIAL INJURIES. MUTEL and 
DurRAnpD, Ann. de méd. lég. 11:121, 1931. 


The literature is reviewed, three clinical reports are abstracted and a complete 
report is made on two patients who died from double cranial injuries with 
intervals of apparent health between the traumas. A! @. Revane 


THE SIGNIFICANCE OF THE THYMIC AND THYMICOLYMPHATIC STATUS IN LEGAL 
MEDICINE. Wr1kToR Grzywo-DasBrowsk1, Ann. de méd. lég. 11:128, 1931. 


Persistent thymus occurs in healthy persons as old as from 25 to 35 years 
of age. It is not a predisposing factor to sudden death. This statement applies 
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also to the thymicolymphatic state. There is no objective proof that this state, or 
that a persistent thymus, influences the constitution. The thymus is no longer 
in those committing suicide than in those who die suddenly from other causes. 


From AvutTHor’s SUMMARY. 


MEDICOLEGAL SIGNIFICANCE OF EpripEMIC ENCEPHALITIS. GEORG STIEFLER, 
Deutsche Ztschr. f. d. ges. gerichtl. Med. 16:227, 1931. 


Criminal tendencies, particularly various sexual offenses, during the postenceph- 
alitic stages are the result of psychopathic manifestations and changes in the psychic 
constitution. Fourteen cases are mentioned, in which criminal actions, mostly 
erotic, were committed by the so-called encephalitic delinquent. Suicide and 
suicidal attempts and tendencies are also prevalent during the postencephalitic 
stages. The author discusses the practically important question of marriage of 
the encephalitic person, especially the validity of such a marriage if contracted 
during the stage of apparent latency, motivated by a definite exaggerated erotic 
impulse. In instances of accidental injuries involving a postencephalitic patient, 
one has to consider whether the disease of itself produced or directly contributed 


to the accident. E. L. MILosLavicu. 


Late COMPLICATIONS OF POISONING BY ANILINE OR SIMILAR SUBSTANCEs. 
ANGELO Bonzanico, Deutsche Ztschr. f. d. ges. gerichtl. Med. 16:242, 1931. 


Peculiar, transitory attacks of weakness in connection with dimming and 
blurring of vision, but without loss of consciousness, are a typical sequel of aniline 
poisoning and of diagnostic importance, but do not signify any permanent disturbance 
of health. Following nitrobenzol poisoning damages to the heart, various cardiac 
symptoms and disturbances are more prevalent and more pronounced and often 
of longer duration than after aniline poisoning. In poisonings with some other 
nitrobenzene compounds, gastro-intestinal complaints (anacidity) are marked. 
Poisonings with derivatives of toluene produce symptoms similar to those observed 
in aniline and nitrobenzene poisonings. A questionable case of retrobulbar neuritis 
following industrial benzene poisoning is briefly mentioned, as a report of a 
similar case was published in 1921 by Perlia. The industrial poisonings with 
aniline, nitrobenzene and similar substances may be followed by some functional 
disturbances that are strikingly similar to neurasthenia or neurosis. 


E. L. MILos.Lavicu. 


DERMOGRAPHIC EXAMINATIONS OF Derap Bopies. G. SCHRADER, Deutsche 
Ztschr. f. d. ges. gerichtl Med. 16:256, 1931. 


The author continued the studies of Bettmann (Deutsche Ztschr. f. d. ges. 
gerichtl. Med. 15:1, 1930), using his original technic, on a large scale, particularly 
with reference to the determination of the time of death. His conclusion is that 
the dermographic method does not yield any practical results in this respect. 


E. L. MILosLavIicu. 


INTERPRETATION OF BLoop Stains. K. Watcner, Deutsche Ztschr. f. d. ges. 
gerichtl. Med. 16:272, 1931. 


The form, size and character of blood spots and their relation to each other 
may indicate the origin, the distance and the direction from which they came, In 
instances of penetrating injuries to the head, the blood spots may contain particles 
of brain, perhaps microscopic in size. Expectoration of foamy blood, as observed 
in cases of injuries to the lung, of aspiration of blood in basal fractures of the 
skull, etc., particularly if expectorated during coughing spells, leads to formation 
of blood bubbles on surrounding objects. When such a bubble dries, it leaves 
a ring of blood, while the center of the bubble, consisting of air, dries out 
completely. 


E. L. MILosLavicn. 
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INHERITANCE OF BLoop Groups. S. S. SasoLtotny, Deutsche Ztschr. f. d. ges. 
gerichtl. Med. 16:277, 193i. 


Investigations made on subjects native to southeast Russia prove the validity 
of the Bernstein theory. The practical application and medicolegal significance. of 
blood grouping in cases of questionable paternity (mater semper certa est, pater 


incertus) are discussed. SL Munseavies 


Two Cases oF SuDDEN DEATH DUE TO SYPHILIS OF RESPIRATORY ORGANS. 
R. Pont, Deutsche Ztschr. f. d. ges. gerichtl. Med. 16:283, 1931. 


The first case involved a 45 year old robust woman whose sudden death while 
swimming was caused by a large hemorrhage within the left thoracic cavity from 
a ruptured syphilitic aneurysm of the pulmonary artery, which had developed within 
the upper lobe of the left lung. In the second instance, a 43 year old carpenter 
was found dead in bed, and the autopsy revealed an acute edema of the glottis 
and larynx due to a diffuse gummatous infiltration of the entire larynx. The 
aorta and the suprarenal glands also showed syphilitic changes. 


E. L. MrILostavicu. 


EXPERIMENTAL STUDIES OF THE HIGH PLUNGE INTO WATER. FERDINAND 
von NEvuREITER, Deutsche Ztschr. f. d. ges. gerichtl, Med. 16:305, 1931. 


Theoretical studies and practical experience prove that a plunge from a great 
height into water will cause, owing to rebounding of the body on the surface of 
the water, fractures of the bones and other severe internal injuries, similarly to 
a high fall onto solid ground. Under certain circumstances, the surface of the 
water may act like an intense, blunt violence, viz., like a wide, flat and forceful 


impact. E. L. MILosLavicn. 


ACCIDENTAL INJURIES BY ELECTRICAL CURRENTS. F. PrietTrusky, Deutsche 
Ztschr. f. d. ges. gerichtl. Med. 16:313, 1931. 


In the last seven or eight years, 232 of 439 electrical accidents suffered by 
agricultural workers ended fatally. In 98 instances death was caused by a current 
of 220 volts and involved chiefly persons in the third decade of life. Currents 
of up to 500 volts killed 86 persons. In one case the electrical burn was complicated 
by lethal tetanus. About one year after an electrical accident involving a 24 
year old man an amyotrophic lateral sclerosis developed which caused his death. 
Irregularity of the action of the heart, fibrillation and absence of patellar and 
plantar reflexes were observed as sequelae of an electrical shock in a 46 year 
old worker. Cardiac symptoms, such as bradycardia, tachycardia, arrhythmia, 
cardiac pain and myocardial weakness, are not uncommon following electrical 
injuries. In the majority of cases unconsciousness occurs rapidly and is followed 
by death shortly after. Of 204 workers who survived the accident, 134 showed 
more or less severe disabilities. In one case a plexus neuritis of the injured 
arm persisted for a year. Several times organic paralysis of the affected extremity 
developed. Peculiar psychic disturbances are not uncommon. In 103 cases of 
injury by high voltage, electrical cataract was observed seven times. In all of 
these cases the burns were more or less severe, and in 39 cases amputations were 
necessary. Interesting is the observation concerning the development of “electrical 
edema” in the affected extremity, a condition that was encountered in 11 instances. 
The cause of such an edema is not well understood. It seems that a spasm of 
the vessels and an abnormal permeability of their walls may be the reason. In 
other cases paralysis of the blood vessels, with damages to the wall of the vessel, 
form the main cause, but occasionally thrombosis may be the underlying factor. 
However, the edema, as a rule, disappears rapidly and persists rarely. Electrical 
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shock produces apparent death; therefore artificial resuscitation for a longer period 
of time is indispensable. If a sudden, powerful irritation produces an abrupt 
cessation of the action of the heart and of respiratory function, an artificial 
resuscitation at the right time will undoubtedly again revive these vital functions, 
since ganglion cells, the most delicate structures, regain their function up to twelve 
minutes after being deprived of blood supply. Since vomiting occurs during the 
stage of unconsciousness, one has to consider that there may be a mechanical 
obstruction of the upper respiratory tubes. A lumbar puncture is appropriate in 
instances of intracranial pressure (cerebral edema). ' L. Mizostavecs. 


INJURIES TO THE HEAD By BLuNT Force. GEORG STRASSMANN, Deutsche 
Ztschr. f. d. ges. gerichtl. Med. 16:327, 1931. 


Traumatic hemorrhages in the depth of the white matter of the brain occur 
in the direction of the blow, which deforms the skull at the point of impact, 
leading to a sudden change in cranial volume, thereby crushing the brain substance ; 
the wave of force ends on the opposite, contrecoup, side. Deep-seated traumatic 
hemorrhages of the brain are therefore always found in the direction of the action 
of the blunt injury and are common. Smaller hemorrhages that appear some time 
after the concussion of the brain occur on account of an abnormal irritability of 
the blood vessels due to the concussion, and disturbances of circulation, stasis and 
diapedesis with subsequent necrosis of the brain substance may follow. Post- 
traumatic apoplexy is a rare occurrence, and the great majority of the observed 
cases have been simple apoplexies. Pneumonic involvement of the lungs often 
rapidly follows injuries to the head. Purulent meningitis developed in six cases 
of injuries to the head by blunt force, and in each instance a fracture of the base 
of the skull was found. The traumatic meningitis caused death in three cases 
within two days after the injury, in two cases in five and eight days, respectively, 
and in one instance forty days after the accident. In only two of ninety-one 
cases of injuries to the head with concomitant hemorrhages of the brain was the 


skull found intact. E. L. Mivostavicn. 


Deatu FoLttowinc Boxinc MatcH. WALDEMAR WEIMANN, Deutsche Ztschr. 
f. d. ges. gerichtl. Med. 16:341, 1931. 


In 1928, Wolff published (Deutsche Ztschr. f. d. ges. gerichtl. Med. 12:392, 
1928) a review of the literature on this subject. In ten of his cases death was 
caused by injuries to the head; in two instances a fracture of the skull was 
found, in seven cases there was a subdural hematoma, and in one case that ended 
lethally several months afterward there was hemorrhagic pachymeningitis. 
Weimann adds a new case, that of a 15 year old boy who died about half an 
hour after a blow on the chin in a boxing match. The autopsy disclosed an evenly 
distributed subdural hemorrhage, but no fracture of the skull or injuries to the 
brain. The subdural hematoma is a common cause of death in boxing. 


E. L. MILostavicn. 


AtypicaL GuNsSHOT WoUNDS OF THE SKULL. WALDEMAR WEIMANN, Deutsche 
Ztschr. f. d. ges. gerichtl. Med. 16:345, 1931. 


In a case in which the bullet enters the cranial bone at a sharp angle, an 
atypical perforation of the skull may be observed. In such an instance, the external 
table may be raised in splinters by the penetrating bullet, producing a crater- 
like, funnel-shaped hole, its wall slanting outward, thus closely resembling a bullet 
outlet. Several pictures illustrate this mechanism clearly. 


E. L. MILos.Lavicu. 
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HISTOPATHOLOGY OF SopIUM HypDROXIDE PorsoninG. L. JANKOvicH, Deutsche 
Ztschr. f. d. ges. gerichtl, Med. 16:352, 1931. 


The course of sodium hydroxide poisoning cannot be divided into certain stages 
that follow one another as in most other pathologic processes; various stages of 
the changes in the tissues are found concomitantly; for example, necrotic areas 
are often seen surrounded by granulation tissue. In instances of severe sodium 
hydroxide poisoning, the following picture is commonly observed: During the 
first few days after the poisoning, the eschars detach, but rarely mechanically. 
The inflammatory demarcation starts after a few hours and continues until it 
reaches its full development at the end of the first week. Then follows, between 
the seventh and the ninth days, an almost complete separation of the necrotic 
tissue; at this time large ulcerations appear. But small necrotic areas may be 
seen sloughing even to the end of the fourth or the fifth week. During the third 
or fourth week, the ulcers may become inflamed, delaying their healing for two 
months or more. In the second week, granulation tissue surrounds the ulcers 
and the larger defects, and a few days later fibroblasts and even fibrils of con- 
nective tissue develop. Fibrillar connective tissue is found in the third week, and 
fibrous scar tissue at the end of the fourth week. The strictures of the esophagus 
during the first two weeks are only spastic or inflammatory; real strictures occur 
after this period of time. A final healing of the ulcerous process may be pro- 
longed for months, and a complete epithelization may fail to develop until years 
afterward. The delay in the healing process depends not only on the depth 
of the corrosive penetration, the extent of the formation of the ulcer and the 
emaciation of the patient, but also on the increasing obliteration of the small blood 


vessels near the ulcers. * t  Mizcenaeee 


DETECTION OF ALCOHOL AT Autopsy. Otto Scumipt, Deutsche Ztschr. f. d. 
ges. gerichtl. Med. 16:373, 1931. 


A new simple qualitative test for the purpose of ascertaining rapidly during 
postmortem examination whether or not alcohol is present in the body is described. 
The test is based on reduction of an alkaline potassium permanganate solution by 
alcoholic vapors. The red color of permanganate turns green, and then a brown 
sediment of manganese dioxide appears. The test is sensitive and will detect 


alcohol in solutions of 1: 20,000. W'S. Wein e 


INSULIN PossONING AS A CAUSE OF AN AUTOMOBILE AccIDENT. J. Foc and 
Max Scumript, Deutsche Ztschr. f. d. ges. gerichtl Med. 16:376, 1931. 


A 25 year old chauffeur who had been treated for a long time with insulin 
because of diabetes mellitus collided, for no explainable reason, with a truck. He 
was completely confused mentally and showed intermittent aphasia and agraphia 
and alexia. The blood sugar was 0.075 per cent. In other instances of insulin 
poisoning, cerebral symptoms, such as epileptiform convulsions, diplopia and hemi- 
plegia, are not uncommon. The question is raised as to whether a diabetic patient 
under treatment with insulin should be allowed to drive an automobile, since Sonne 
proved that about 96 per cent of patients using insulin are subject to attacks of 


insulin poisoning sooner or later. eee 


RAPE AND DEFORMITY OF MALE SEXUAL OrGANs. A. SCHACKWITZ, Deutsche 
Ztschr. f. d. ges. gerichtl. Med. 16:384, 1931. 


A charge of rape on a 14 year old girl was brought against a man who was 
suffering with an anatomically peculiar deformity of the penis due to a bilateral 
inguinal hernia, with secondary inflammatory changes and marked edema. The 
physical examination, which is described in every detail, proved that sexual inter- 
course could not and did not occur. 


E. L. MILosLavicu. 
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A Case oF CONGENITAL ABSENCE OF ONE KIDNEY, WITH URETHRORECTAL 
FistuLa, URETHRAL STONE AND CONCOMITANT MEASLES. LAwRENCE W. 
SMITH. 


A case presenting relatively unusual urogenital anomalies and concomitant 
measles is reported through the kindness of Dr. Meredith F. Campbell, Dr. John 
D. Lyttle and Dr. Jerome M. Kohn. No strictly comparable case has been found 
in the literature. A boy of 5 years had passed fecal material in the urine from 
birth. At 10 months of age he had been operated on for stone in the bladder, 
and a persistent pyuria had developed, with digestive disturbance and malnutrition. 
He was again operated on for vesical stone six months before the present admission. 
There were found a urethrorectal fistula with fecal mucopus and two stones in 
the bladder, a normal right renal pelvis and a left ureter that became lost in the 
large globular shadow of the colon. There was likewise a partial stricture of 
the rectum. Treatment was directed at clearing up the urinary infection so that 
operative measures could be attempted, when the boy developed typical measles. 
This passed uneventfully, and then suddenly signs of meningeal irritation and 
uremia appeared, with nonprotein nitrogen of 85 mg., and leukocytosis of 38,000, 
but a normal spinal fluid, except for slightly increased pressure. The patient died 
within twelve hours. 

Post mortem were found urethrorectal fistula, urethral stone, vesical stones, 
chronic cystitis, chronic pyelitis (right), left renal aplasia, anomalous left ureter, 
megarectum, chronic proctitis, rectal stricture, terminal bronchopneumonia and 
edema of the brain. A review of the embryology explains the probable develop- 
ment of the anomalies of the urinary tract. The literature contains about 400 cases 
of renal aplasia, and no cases were noted with the combination of the lesions found. 


DISCUSSION 


H. S. Jecx (by invitation): This is a unique case. I have never observed a 
recto-urethral fistula of congenital origin, to say nothing of the missing kidney. I 
have seen only two cases that I believe were cases of congenital absence of one 
kidney. Some ten years ago I operated on a man about 45 years of age, with 
a diagnosis of tuberculosis of the left kidney. When the left renal region was 
exposed, a careful search failed to reveal the kidney, ureter or renal vessels. At 
the present time there is a patient in the Cornell Clinic who evidently has no left 
kidney. Repeated cystoscopic examinations, three attempted intravenous pyelograms 
and roentgen examination have failed to reveal a kidney or a ureter on the left 
side. I think the case presented is another reminder to look for a kidney that 
is capable of sustaining life, before removing a diseased kidney. 


MerepitH F. CAMPBELL (by invitation): I thought urograms of the case 
would be of interest. The first shows the shadow of the two stones, estimated 
to be about 1 cm. in diameter, lodged in the posterior urethra. The second, a 
cystogram, shows a small, contracted bladder, pushed to the right by an enormously 
dilated rectum. There is also an enormous dilatation of the posterior urethra, 
where the stones are lodged. The third picture is of the gastro-intestinal roentgen 
series, showing the enormous rectum and the infundibular contraction of the rectum 
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at the site of the stricture. From the fourth picture the urographic diagnosis of 
solitary kidney was made. Here a catheter had been inserted to the right kidney 
and a second catheter passed through the fistula in the urethra into the rectum. 
Twelve per cent sodium iodide was injected through both catheters, and the outline 
of the right kidney and the enormously enlarged rectum were demonstrated. At 
the time of cystoscopy there was an intense cystitis, and when the orifice on the 
left side was found impassable, a large dose of indigocarmine was given, which 
appeared in normal concentration and in normal time from the right kidney, but 
which did not appear from the left side, nor in the rectum. 

An operation to attempt the closure of the fistula was anticipated, but measles 
developed. 

A couple of years ago I reported a series of nine cases of solitary kidney from 
the Urological Service of Bellevue Hospital, one of these being a clinical case, 
and eight, cases that came to autopsy. These eight cases occurred in 13,000 
autopsies. Why the left kidney was so frequently absent I do not know, but the 
ratio of 3:1 was borne out in these studies. 

Jerome L. Koun: While this case may be of special interest because of the 
urologic findings, it is of equal interest on account of the measles. This was a 
case of mild measles with sudden death without pulmonary complication. Patients 
dying of measles can be divided into two groups: First: those who are very ill 
from the onset and who die within a few days. This type of measles, of course, 
occurs in regions where there never has been any measles or where there has been 
none for a long time. Dr. Denton described cases of this type in the Canal Zone. 
Second: patients who have extensive pulmonary infiltrations and who rarely die 
before the tenth day after the onset of symptoms. I cannot entirely agree that the 
pulmonary changes were terminal. The lungs showed the usual peribronchial 
infiltration found in necropsies in cases of measles. A careful study of the lung 
in this case might give a clue to whether the pulmonary changes in measles are 
caused by the measles virus or are due to secondary infection. Clinically the 
child had no pneumonia. 


CANCER OF THE THYROID GLAND. Howarp M. CLUuTE and SHIELDS WARREN 
(by invitation). 


The material for this study consists of all cases of malignant tumors of the 
thyroid gland in the Lahey Clinic, Boston, from 1916 to Jan. 1, 1930, inclusive. 
This includes 34 cases of adenoma with invasion of the blood vessels, which were 
found by going through 1,114 old slides not previously examined for the presence 
of such invasion. The total number of cases is 187. These occurred among 6,535 
cases in which operation was performed for disease of the thyroid gland, an 
incidence of malignancy in this material of 2.86 per cent. 


Grouping of Cases——Clinical grouping is considered as follows: group I—low 
or potential malignancy; group Il—moderate malignancy, with a hope of cure; 
group II1I—marked malignancy, in which there is practically no hope of cure. A 
histologic classification is made, which is found to follow very closely this clinical 
grouping, as follows: group I—adenoma with invasion of blood vessels; group II, 
papillary cystadenoma. In group II is adenocarcinoma (1) of the papillary type 
and (2) of the alveolar type. In group III there are (1) squamous cell carcinoma; 
(2) small cell carcinoma (a) of the compact type and (b) of the diffuse type; 
(3) giant cell sarcoma, and (4) a group in which is placed 1 probable case of 
fibrosarcoma. A clinical discussion of the members of each group is given, and 
the histologic observations of each type detailed and pictured. 

In group I—low or potential malignancy—there were 133 cases, with a mortality 
of 4.5 per cent. In group II there were 21 cases, with a mortality of 23.9 per cent. 
In group III there were 33 cases, with a mortality of 82 per cent, making a total 
of 187 cases, with a mortality of 20.3 per cent. Of the 187 cases, only 7 were 
lost in the follow-up, 180 being followed for one year or more since operation. 
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This classification of tumors of the thyroid gland is a simple one to follow 
histologically, and from the clinical point of view it offers a distinct advantage 
in the grouping of cases and the methods of treatment for cases and the prognosis 
in such cases. 

DISCUSSION 


LAWRENCE W. SmiTH: It is with unusual interest that I have listened to 
this paper, as it happens that it records, among other things, the end-results in 
a series of cases in which I made a good many of the original diagnoses. It is 
also stimulating to have such a check-up on one’s work, and in no organization 
with which I am familiar has the follow-up work been so effectively managed 
as it has in the Lahey Clinic. In our original observations we followed an 
arbitrary and rather unorthodox classification, which has been presented this 
evening in somewhat modified form, as we anticipated at that time would be 
necessary. But it is interesting to note how much more satisfactory a classification 
it has turned out to be than the more usual terminology. 

Since that time I have had the opportunity of examining all the thyroid glands 
from the New York Hospital, and during this interval have studied some 46 
additional cases of malignant tumors. Our data are not complete enough to 
include any clinical reports at this time. In general, however, the cases have 
fallen into these same major groups, and their clinical course in most instances 
has corresponded to the expectancy in each group, as gleaned from Dr. Clute’s 
and my original studies, and as confirmed by this additional report. Of these 
cases, as in the Lahey series, the majority, or 33 cases, fall into their first two 
groups, those of low grade or moderate malignancy. They are about equally 
divided into two types: 18 were of the malignant adenoma or alveolar type with 
invasion of blood vessels, and 15 were of the papillary type with capsular invasion, 
including 2 cases of definitely aberrant thyroid gland. One of the others falls into 
the thyroglossal duct type, and the remaining 11 fall into the extremely malignant 
group, 8 being of the small cell type and 3 of the giant cell pseudosarcoma type. 

The malignant adenoma group requires little or no discussion other than to 
concur in the opinion regarding the value of vascular invasion as a criterion for 
malignancy, and to hazard again the theory that the papillary type is specifically 
derived from the lateral anlage of the gland embryologically. 

The small cell group is to my mind the one most worthy of comment. The 
paper just presented includes 17 of the compact type and 8 of the diffuse type. 
Of the patients in these cases, 21 are dead, 1 has a recurrence, and 3 are alive 
after one, one and three-quarters, and two and two-thirds years. In one case x-rays 
were of value in “curing” the tumor locally, and the patient lived for three and 
a half years with local recurrence, dying, however, presumably of retroperitoneal 
metastases. Our 8 patients with comparable cases I believe are all dead, although 
there is some uncertainty regarding one who is “lost.” 

I am much interested in Dr. Warren’s separation of these tumors into two 
groups, the “compact” one, which he is inclined to call carcinoma, and the 
“diffuse,” which I suspect he feels may well be lymphoid. We have encountered 
the same difficulties in our cases, and are somewhat divided in our opinions 
regarding their histogenesis. 

Certain facts stand out sharply; these cases occur almost entirely in the sixth 
decade; they usually develop in a preexisting thyroid adenoma; the tumors grow 
rapidly, and the patient is usually dead within from six to eight months after he is 
first seen. The tumors are, as far as we have been able to find out, absolutely radio- 
resistant. For these reasons, especially their resistance to radiation, I am inclined to 
feel that we are dealing with carcinoma rather than lymphosarcoma, although I am 
free to confess that certain of them are impossible to prove histologically. Dr. 
Clute’s own case, which responded temporarily to radiation, might well establish 
the fact that true lymphosarcoma may occur. One other case I have seen which 
microscopically presented the typical picture of a reticular cell type of lympho- 
sarcoma, but most of them lack the histologic criteria for determining their 
histogenesis. 
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The chief point of difficulty is their differentiation from cases of Riedel’s struma, 
a distinction of some practical importance to the patient. And it is perfectly 
possible that the apparent chronic inflammatory process of ligneous thyroiditis may 
become neoplastic, sometimes developing into a lymphosarcoma. It is difficult to 
accept this idea with any enthusiasm, as I can think of no strictly comparable 
condition to support the contention. 

We, too, have found cases of “giant cell” tumors in which it is extremely 
difficult to eliminate “fibrosarcoma” as a diagnosis. It is quite possible that such 
tumors may occur, but it is my firm belief that an epithelial origin can be traced 
if one searches long and hard enough. It is a good deal like a garden overrun 
with weeds, in which the flowers are gradually choked out. So, in these tumors, 
it may be that the stroma outgrows the original epithelium, as in the so-called 
carcinosarcoma of the uterus, breast, etc. It is interesting to note in this group 
of seven cases, a case in which the patient lived two years, and another in which 
the patient is still alive two and a half years postoperatively. In the New York 
Hospital series, all 3 patients died within a few months of the recognition of the 
condition. 

May I say again how indebted I am to Dr. Clute and Dr. Warren for bringing 
my knowledge of these cases of thyroid tumors up to date? I am, of course, 
pleased that this general method of classification has worked out satisfactorily. I 
feel that we are gaining tremendously in our knowledge of the natural history 
of malignant disease of the thyroid by the presentation of such complete data 
as have been given tonight, and particularly of such a large number of cases, 
and I look forward in the near future to the time when the mystery of the histo- 
genesis of these extremely malignant small round cell tumors is solved. 


Lioyp F. Craver (by invitation): I have been interested and instructed to 
hear the paper of Dr. Clute and Dr. Warren, and particularly interested to know 
that they have had decidedly good results from x-ray treatment in certain of their 
groups of cases. It seems to me that in thyroid carcinoma one meets with certain 
surprises in radiation, inasmuch as some of the tumors which are so highly 
cellular, which. one would expect from the general laws of radiation would be 
radiosensitive, apparently do not prove to be so, and others, such as the papillary 
adenomas and the papillary adenocarcinomas, which have a more adult structure, 
and which one would not perhaps a priori expect to be radiosensitive, do appear 
to be radiosensitive; in fact, some of them are quite so. I have in mind two 
illustrative cases. One of these occurred in a woman about 30 years old, who had 
a papillary adenocarcinoma, which was incompletely removed. She came to us 
five or six years ago and was treated with high voltage x-rays. Numerous cysts 
formed and were aspirated from time to time. Finally, after four or five aspira- 
tions, the cysts stopped filling up with fluid, and there began to be a definite 
regression of the papillary adenocarcinoma. She has failed to return now for 
about three years, except for one time about a year ago when I saw her. At 
that time she still had a small nodular mass in the neck, but she had gained about 
25 pounds (11 Kg.) and had no evidence of any activity of the thyroid carcinoma, 
so that her tumor was a type which a priori we would expect not to be radio- 
sensitive, but which proved to be so, showing a definite regression following 
radiation and a growth restraint that has lasted. 

Another patient, a man about 50, had a mass the size of a fist arising from 
the right lobe of the thyroid—hard and solid. This was treated extremely heavily 
with high voltage x-rays, but it did not regress. We sent him to a surgeon in 
New York who specializes in thyroid surgery. He removed the mass, but missed 
some nodes which were above the tumor in the side of the neck, and which we 
knew were there. We sent the patient back for a subsequent operation for the 
removal of the nodes. Following that operation the examination of the tissue 
showed that it was a highly cellular carcinoma made up of rather solid sheets 
of cells which we would expect from the microscopic structure might be radio- 
sensitive, and yet it had proved not to be so. However, a few months after 
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the second ,operation a number of small, shotty metastases appeared in the same 
side of the neck, and following radiation, they disappeared almost as rapidly as 
a lymphosarcoma, so that in that one patient we have an illustration of the 
surprises that one meets when radiating thyroid carcinoma. 

On the whole, I have been rather encouraged by the radiation treatment of 
thyroids. We get at the Memorial Hospital a great number of patients with 
nodular goiters who have refused operation, or who have mild toxic symptoms. 
The standard surgical teaching on this subject is that the treatment of choice is 
the surgical removal of an adenoma, and I think that means to the average man 
that any nodule in the thyroid should be removed. There is a widespread confusion 
in terms between adenoma and the mere nodular goiter, which represents probably 
the changes arising from various functional cycles of hyperplasia and involution. 
I do not know how anyone is going to distinguish clinically in a great number 
of these cases between a nodular thyroid and the true adenoma that may be a 
precursor of cancer. I think the routine radiation of many of these nodular thyroids, 
as we have been carrying it out, may be of value not only in relieving toxic 
symptoms — and occasionally we get surprises in the disappearance of the nodules 
— but in exercising restraint on the growth of a possible incipient thyroid carcinoma 
in patients who would not consent to be operated on, and in whom otherwise 
carcinoma might develop. 


CARCINOMA OF SUPRARENAL CORTEX WITH UNUSUAL METASTASES. CHARLES 
T. Oxcort. 


A case was presented of a man of 38 who had epigastric pain and general 
weakness without definite localizing symptoms, also diabetes mellitus. Biopsy of 
tissue from a left supraclavicular node showed adenocarcinoma, but the primary 
focus was not recognized, although it was considered gastro-intestinal, or possibly 
suprarenal. 

At autopsy, a large mass of whitish tissue was found to surround the left 
suprarenal and to extend to the stomach, pancreas and spleen. There was a 
fungating mass projecting into the gastric lumen just below the cardia, and here 
the mucosa was slightly eroded. The gastric wall in the same region was greatly 
thickened. Other masses of tumor extended to the mesenteric nodes as far as the 
cecum. The mediastinal nodes were also involved, as were those in the left supra- 
clavicular region. The liver and the lungs contained small metastases. The tumor 
was found to invade the wall and lumen of the right iliac vein and vena cava. 
Numerous shiny nodules were seen in the peritoneum and pleura. Microscopic 
slides were shown, including one in which there was a transition from normal to 
cancerous cells in the same cell column of the zona fasciculata of the left suprarenal. 
The tumor cells were large and vacuolated. On frozen section these contained 
lipoid material with the staining reaction of that found in the suprarenal cortex. 
Similar cells were found in all layers of the gastric wall, except the superficial 
portion of the mucosa. In other respects, the gastric glands were normal and 
showed no suggestion of primary tumor formation. Although the large size of the 
tumor in the stomach militated against its being a secondary growth there, the 
tumor alveoli even in the stomach resembled those of the suprarenal cortex, and 
the large cells and multiple metastases confirmed the primary suprarenal origin of 
this carcinoma. 

Nineteen cases of suprarenal cortical tumor were collected from the literature. 
Vascular and visceral metastases were noted in fourteen. The fascicular arrange- 
ment and the presence of lipoid droplets were characteristic. 


PsiTTacosis: PostTMORTEM EXAMINATION OF A CASE, INCLUDING STUDIES OF 
THE SPINAL Corp. S. H. Porayes and M. LEDERER. 


The case is reported because as far as could be ascertained, it is the first case 
of psittacosis in New York City in which the diagnosis was confirmed both by 
bacteriologic and postmortem examination, and because the case permitted studies 
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of the changes in the spinal cord. A Jewish housewife, 51 years of age, was 
admitted to the Jewish Hospital of Brooklyn on the private service of Dr. M. 
Rabinowitz on Feb. 5, 1931, with physical signs and symptoms of pneumonia. 
Vague prodromal symptoms had begun a week before admission. In spite of the 
evident bilateral pulmonary consolidation on admission, the patient did not complain 
of any pains in the chest, and the expectoration was scant. A pleural rub was 
not heard until two days after admission. At this time, also, the creeping nature 
of the consolidation was noted in the left lung when the base, which was originally 
involved, became more resonant, while the process ascended to the apex. The 
other features of this case were the typhoid state of the patient, the abdominal 
distention and diarrhea of foul, watery stools, and the delirium, which persisted 
until her death on the eleventh day after admission. During the course of the 
illness it was learned that the patient, as well as several others of her family, 
had contact with sick parrots, which one of her brothers had recently brought from 
Havana. Some of these parrots died soon after importation. One of her brothers, 
who received a pair of the diseased parrots, died of what was at first considered 
pneumonia, but later believed to be psittacosis. The entire family, including the 
patient whose case is described now, had attended the funeral of the first victim. 
Shortly after that the patient and three others of the family contracted the disease. 
Of the latter three, two made an uneventful recovery, while the convalescence of 
the third was prolonged by a complicating pulmonary embolus. 

Laboratory Data.—The urine showed traces of albumin, and occasional red 
and white blood cells. Examination of the blood showed: 4,490,000 red blood cells 
per cubic millimeter, with 0.5 per cent reticulated cells; 10,800 white blood cells 
per cubic millimeter, with 86.5 per cent polymorphonuclear neutrophils of which 
45 per cent were nonsegmented forms, 11 per cent lymphocytes, 1.5 per cent mono- 
cytes, 0.5 per cent neutrophilic myelocytes and 0.5 per cent metamyelocytes; 150,000 
platelets per cubic millimeter; hemoglobin (Dare) 64 per cent; color index, 
0.7 per cent; bleeding time, 10 seconds; coagulation time, 10 minutes. Repeated 
examination gave similar results. A blood culture on February 6 was reported 
sterile after three days’ incubation. The spinal fluid, released under increased 
pressure, was opalescent owing to the presence of numerous red blood cells; albumin 
and globulin were present; Fehling’s solution was reduced; the Wassermann reac- 
tion was negative; colloid gold was not reduced. 


Bacteriologic Examinetion.—Tissues from the lung, liver and spleen, secured 
under aseptic precautions, were submitted to Dr. G. P. Berry of the Rockefeller 
Institute for bacteriologic study. Dr. Berry reported that he identified and isolated 
the psittacosis virus from each of these tissues. He also isolated the virus from 
the sputum of one of the survivors and from the liver and spleen of the last 
remaining parrot received from the home of one of the other survivors. 

In the postmortem examination the changes in the lung and spinal cord were 
emphasized. (Examination of the brain was not permitted.) 

Pulmonary Changes—So much controversy is centered about the resemblance 
between psittacosis and influenzal pneumonitis that the authors considered it 
important to tabulate the points of difference between these two conditions 
(see table). 

Other less constant changes which may be of aid in recognizing the pneu- 
monitis of psittacosis are the dark purple-blue color of the lung, the relative 
absence of pleural exudate and the occurrence of small subpleural hemorrhages. 

Changes in the Spinal Cord.—It is pointed out that the clinical signs that are 
so common in this disease (photophobia, lethargy, stupor, sluggish speech, slow 
response, muttering delirium, backache, ataxia, incontinence and even localizing 
signs such as facial immobility, muscle jerks, etc.) indicate anatomic changes in 
the central nervous system. The literature contains little information regarding 
these changes. The outstanding findings in some of the cases studied are: con- 
gestion, edema, foci of softening, hemorrhagic pachymeningitis and circumscribed 
areas of myelin degeneration. The findings in the spinal cord of the case reported 
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here are: an increase in the glial cells of the anterior horn, chromatolysis, distor- 
tion of shape and eccentric displacement of nuclei of the neurons of the anterior 
horn, perivascular round cell infiltration, marked congestion of blood vessels, 
numerous punctate hemorrhagic areas and marked fat replacement in the anterior 
horn cells. Although these changes are definite, they cannot be considered char- 
acteristic of this disease, since similar changes in the spinal cord may occur in toxic 
states other than those associated with psittacosis. A plea is made for further 
studies of the changes in the central nervous system in psittacosis. 

The history, epidemiology and bacteriology of psittacosis are also reviewed 
and the pertinent facts emphasized. 


DISCUSSION 


G. P. Berry (by invitation): The pathologic lesion of the lungs that Dr. 
Polayes has described is really quite unique, and as he pointed out, differs dis- 
tinctly from influenza, as it does also from other pneumonic processes. The 
lesion can be reproduced in monkeys of the species Macacus rhesus, and in these 
animals there is a chance to follow the evolution of the pulmonary changes. 


Points of Difference Between Psittacosis and Influenza 








Points of Difference 


Psittacosis 


Infiuenza 





Type of consolidation:...... Feet) eee eee Nodular, even when areas of 


consolidation become con- 
fluent 
Show no marked change 


Cells lining the alveoli...... Show marked hyperplasia and 


hypertrophy 
Type of cellular exudate.... Polymorphonuclear cells are Numerous polymorphonuclear 
absent or scarce—exudate cells—occasionally to extent 


consists of mononuclear of suppuration 
cells, plasma cells and des- 


quamated epithelial cells. 


Relation of bronchi to areas None; bronchioles involved Definite; capillary bronchitis 
of consolidation by extension of process with bronchopneumonia 
from surrounding lung 
tissue 
Deposit of fibrin........... Very abundant throughout... Scarce, except near involved 
3 : bronchioles 
Character of hemorrhagic Associated with capillary Not associated with either 
lesion thrombosis and severe 


necrosis of lung tissue | 

Scarce or absent, except in In lar, 
areas of secondary infec- the 
tion 


numbers throughout 
ung 


Bacteria in the lung tissue.. 


Monkeys can be inoculated in the trachea or in the nose. After forty-eight 
hours the experimental pneumonia begins to develop. It rums a course for a 
period of about ten days, and then undergoes rapid resolution. Most of the animals 
recover, but a few die from a spreading pneumonia. The first abnormality that 
one notices in sections from monkeys killed after forty-eight hours is a slight 
edema of the alveolar walls, beginning at the hilus and spreading toward the 
periphery. «As the edema becomes more pronounced, small amounts of fibrin are 
laid down, and one finds the alveolar walls becoming infiltrated with cells. At 
first, in some places, there are some polymorphonuclear cells, but as the. lesion 
grows older, only various types of mononuclear cells are to be seen. The infiltra- 
tion continues, and at the same time the alveoli become more distended with 
albuminous material, fibrin and large ceils with single nuclei. The exact nature 
of these cells is obscure; undoubtedly many of them are desquamated epithelial 
cells from the alveolar wall, and probably others belong to the “mononuclear 
series.” Presently the entire lung becomes very cellular; the alveolar walls are 
tremendously distended by these cells and the alveoli filled with them. Often it 
is almost impossible to distinguish the alveolar walls. Thrombosis of small vessels 
occurs, and small hemorrhages are scattered through the congested tissue. Necrosis 
of the alveolar walls follows in the thrombosed areas. On gross section, at this 
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stage of the process, the lung shows a smooth, rather dry, homogeneous structure, 
such as was present in Dr. Polayes’ case. Although the distribution is often lobar, 
the appearance is unlike that of lobar pneumonia. In a way, the psittacotic lung 
resembles a glandular structure, meaty, smooth, a little translucent, but not granular. 
It is surprising that such an extensive process can clear up in two or three days. 
The roentgen shadow may completely disappear in this time. The process heals 
without fibrosis ; the cells disappear ; a moderate degree of emphysema may develop, 
but in a short time the lung tissue becomes quite norntal again. 

The literature contains few studies of the central nervous system in patients 
with psittacosis. Only a few reports of autopsies include neuropathologic observa- 
tions. In view of the many symptoms and signs of the disease referable to the 
central nervous system, and of the neurotropic properties of the virus under experi- 
mental conditions, further observations are indicated. In animals inoculated intra- 
cerebrally a meningo-encephalitis develops. The meningeal exudate consists of 
polymorphonuclear and mononuclear cells. Some perivascular infiltration extends 
into the brain and cord from the meninges, and there are a few scattered hemor- 
rhages. Nerve cell changes, similar to those described by Dr. Polayes, have also 
been encountered. It seems hardly necessary to point out the fact that the lungs 
and brains of such experimentally infected animals are sterile for all the ordinary 
types of bacteria. 





PATHOLOGICAL SOCIETY OF PHILADELPHIA 
Regular Meeting, May 14, 1931 


Batpu1n LuckE&, President, in the Chair 


HopcGkKIn’s DIsEASE OF BONE MARROW AND SPLEEN WITHOUT APPARENT 
INVOLVEMENT OF LympH Nopes. E. B. KRuUMBHAAR. 


A white painter, aged 55, was admitted to the Philadelphia General Hospital 
(service of Dr. Boston) complaining of weakness of the legs. He had had dyspnea, 
palpitation, nocturia, anorexia and constipation for several months. He had had 
scarlet fever and gonorrhea and was a “moderate user of alcohol. He gave no 
history of having had syphilis. Physical examination showed nothing abnormal, 
except for pallor, ascites and a greatly enlarged spleen. No lymph nodes were 
palpable either before or after death, The Wassermann reaction was negative. 
There were much albumin and many casts in the urine. Anemia was marked. 
The leukocyte count was 8,200; later, 3,700 (polymorphonuclears, 54 per cent; 
lymphocytes, 43 per cent). 

At autopsy performed by Dr. Palomeque, the spleen weighed 1,090 Gm., the 
surface cut with increased resistance and was pinkish red, firm and not congested. 
The malpighian follicles were not visible. . 

The liver weighed 2,190 Gm. It was congested and diffusely fibrosed, with 
many small whitish areas that were not explained by the section taken. 

The bone marrow, both femoral and tibial, was greatly hyperplastic. No 
enlarged lymph nodes of any kind were found on careful examination. 

Histologically, the spleen and both bone marrows showed extensive involvement 
by the characteristic lesions of Hodgkin’s disease. The lymphoid follicles of the 
spleen and of the gastro-intestinal mucosa were small and showed no noteworthy 
changes. A few Hodgkin’s cells were found in the sinuses of the liver. As no 
grossly abnormal lymph nodes were found, no lymph node tissue was taken for 
sectioning. 

Withcut proof that is unequivocal, this is considered a case of Hodgkin’s 
disease of the spleen and bone marrow without demonstrable involvement of lymph 
nodes, a condition that has not apparently been previously reported. 

This article will be published in full in the American Journal of Medical 
Sciences. 
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A Case or Hopckin’s Disease oF UnusuaL DURATION AND EXTENSION. 
Max M. StTRuMIA. 


This case is interesting because of the long duration, the large amount of 
roentgen treatment applied, and especially for the unusual extension and quality 
of the lesions found at autopsy, which was performed at the Misericordia Hospital. 
I am indebted to Dr. Pfahler and to Dr. Bertin for the clinical notes of the case. 

The patient, a woman, first noticed swelling of the neck and axilla in December, 
1920, when she was 15 years of age. There are reasons to believe, however, that 
the disease probably started about one year before. From that time until death, 
which occurred in the month of February, 1928, there were an uninterrupted series 
of glandular swellings of the cervical, axillary, inguinal, prevertebral and 
mediastinal regions, enlargement of the spleen and liver and tumor formations 
over the left sacro-iliac joints and other portions of the skeleton. In addition, 
roentgenograms revealed severe absorption of the head of the left femur, of the 
right portion of the sacrum and of the pelvic bones. In September, 1924, the 
patient had three hemiplegic attacks with loss of power and sensation in the right 
arm and leg and loss of speech. These lesions rapidly disappeared under treat- 
ment with the x-rays. A severe herpes zoster of the left side of the face and 
forehead appeared in October, 1926, which healed under treatment with the x-rays, 
leaving a deep-seated, atrophic scar. 

The blood picture was carefully studied, and never offered anything worthy 
of notice, save for an occasional shower of Rieder cells. There was also a mild, 
progressive secondary anemia. 

At autopsy severe emaciation was found (weight 80 pounds [36.3 Kg.]). The 
superficial lymph nodes were all small, hard and fibrous. There was pericardial, 
pleural and peritoneal effusion. The pericardium and the myocardium showed 
several tumorous infiltrations, about from 4 to 6 mm. in diameter, hard and pale 
gray. The right lung was extensively infiltrated with large bands of hard, fibrous 
tissue. In addition the pleura was peppered with small, pale, yellowish nodes, 
from 3 to 5 mm. in diameter. In the left lung the lesions were even more advanced, 
with the formation of deep-seated, retracted scars, with adhesions. The spleen 
weighed 350 Gm. Both the surface and cut sections showed numerous irregular, 
white, hard nodes, with complete loss of the splenic structure. The liver weighed 
1,500 Gm. The consistency was greatly increased. The surface was peppered 
with nodes, which had partly fused together, and at times seemed to form a 
diffuse infiltration around the bile ducts. The right lobe was almost entirely 
substituted by large, white, lardlike masses. Similar, but less extensive, tumorous 
infiltration was found in both kidneys and in both suprarenal glands. 

The mediastinal lymph nodes formed a hard, gray, fibrosed mass, 10 by 4 by 
0.08 cm, Other internal lymph nodes were small, hard and fibrosed—some of them 
with soft, necrotic centers. 

In addition, the head of the left femur, the bones of the pelvis and practically 
all of the vertebral bodies appeared invaded in part by a hard, white, fibrous mass, 
with considerable destruction of bone. 

The bone marrow of the ribs was very active; that of the femur was moderately 
hyperplastic. The bone marrow of the tibia was fatty. 

Microscopic examination revealed that the tumorous masses and infiltrations 
of the various organs were formed mostly of hard, fibrous connective tissue, with 
extensive areas of hyalinization and degeneration, and occasional groups of cells, 
usually at the periphery of the lesions. These infiltrations were composed mostly 
of lymphocytes, monocytes, a few eosinophils and occasional typical Dorothy Reed 
giant cells. 


CAROTINOID PIGMENTS IN Birps. E. P. Corson-WHiITE. 


Protocols on forty-four birds with deeply stained fat were found scattered 
through the postmortem records of the Philadelphia Zoological Garden from 
1904 to 1931. The color ranged from orange-yellow to orange-red. In thirty- 
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nine instances no mention was made of pigmentation in any location other than the 
fat; in four it was said to be present in the skin and fat, and in one in the skin, claws, 
beak and fat. The greatest intensity of color appeared in those regions without 
feathers or where the plumage was thin. 

The birds were, as a rule, markedly fatter than the average of the species: 
three were described as markedly obese, one as extremely obese, thirty-two as fat 
and the remainder as well nourished. In only nine was there sufficient gross 
pathologic change found to account adequately for death. Of these, four had hemor- 
rhagic enteritis, one arteriosclerosis and interstitial nephritis, one acute necrotizing 
enteritis, two hyperplasia of the thyroid gland with colloid and one tuberculosis 
of the liver and the spleen. In eleven the cause of death was not determined; 
in sixteen it was due to injury, i. ¢., to attacks by cage mates; the remainder 
showed mild lesions insufficient to cause death. 

Analysis of the fat and tissues showed the pigments to be a xanthophyll, similar 
to that found in the hen’s egg. The twenty-four hour ration of these birds yielded 
carotin and xanthophyll (methods: Tsweet’s chromatograph method,! the methods 
of Willstatter and Mieg? and Willstatter and Stoll*® and the spectroscopic 
method *). An effort to study the distribution of the pigment in the various 
tissues was attempted chemically, but because of the small amount of material this 
attempt was abandoned and an effort made to stain blocks of tissue, with use of 
the Nile blue sulphate staining methods developed by Dolley and Guthrie® in 
their studies of the carotinoids in animal tissues and especially in their study of the 
yellow pigments of the central nervous system. They identified these pigments 
as carotinoids, and found that they could be increased or decreased at will by 
varying the amount of carotinoids in the diet, and definitely showed that they 
were not, as previously thought, a product of wear and tear. They also observed 
that any drug or other factor that depressed the metabolism exaggerated the 
deposition of the pigment. By their method neutral fat was stained a salmon 
red and the carotinoid granules a deep blue. It is known that the pigments appear 
as intercellular and intracellular substances, possibly as an amorphous substance, 
but usually coloring the true fat or bound to the protein. It is questionable if 
they ever occur in pure condition in animal tissues. They never appear as crystals. 
The studies of Smith® later showed that the Nile blue sulphate, instead of 
particularizing the carotinoid pigments, really differentiated the neutral fats and 
the fatty acids. Connor,’ in an investigation of all the so-called differentiating 
stains for lipochromes, concluded that if a yellow pigment crystallized in a tissue 
treated with a weak alcoholic solution of potassium hydrate and formaldehyde 
or lost its color in a strong solution of ferric chloride or was dissolved in a fat 
solvent, it was probably a lipochrome. The results with sections were therefore 
discouraging. The pigments seldom appear as granules, except in the skin. Else- 
where they are usually in solution in a lipoid and are not visible as a particulate 
substance. 

The toxicity of the pigments has been investigated by two observers, Wells 
and Hedenberg,’ who injected pure carotinoids intraperitoneally into guinea-pigs, 
and by Hess and Myers,® who injected them subcutaneously into infants, with 
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3. Willstatter, R., and Stoll, A.: Untersuchungen iiber Chlorophyl Methoden 
und Ergenbnisse, Berlin, Julius Springer, 1913. 

4. Kohl, F. G.: Untersuchungen tiber das Carotin und seine physiologische 
Bedeutung in den Pflanzen, Leipzig, 1902, p. 165. 

5. Dolley, D. H., and Guthrie, F. V.: J. M. Research 40:295, 1919; 42:289, 
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in both instances entirely negative results and prompt excretion in the urine. 
Connor 2° injected the pigment dissolved in pure olive oil into the peritoneal cavity, 
producing by this method a small granuloma of foreign body type on the peri- 
toneum and no absorption of the pigment. 

Practically, however, all of the present knowledge of these pigments comes 
from the biologic chemists Kohl, Tsweet, Willstatter and his associates and Palmer 
and his co-workers.11_ They definitely proved the exogenous nature of the pigments 
even when the pigmentation occurs in the course of a metabolic disturbance. 
They also noted the lipochrome variation in the fat of different species of animals 
and birds even when they were fed on diets rich in carotinoids. On the same 
diet some are entirely free from pigment, while others have barely a trace, and 
still others have deeply colored fat. This must depend on some inherent char- 
acteristic, either an ability on the part of the bird to absorb carotinoids from 
the food and to deposit the pigment in the tissues or an ability of the bird to 
destroy the pigments and prevent their deposition. The normal absence of all 
traces of yellow pigment in some species speaks strongly against any real function 
of the carotinoids in life, a fact that receives strong corroboration from an 
experiment of Palmer’s 4: He was able to raise chicks to full maturity with normal 
fecundity on a diet entirely without carotinoids, producing eggs with colorless yolks 
which hatched, yielding healthy chicks. 

A great variation in the amount of pigments absorbed occurs also among 
individuals of the same species and in experimental groups and in collections 
that, like the birds of this report, have been fed on a diet of the same carotinoid 
content and exposed to the same environment. With respect to the birds covered 
by this report, undue pigmentation was found in only. forty-four of several 
thousand exhibited. The horse and the cow on a diet rich in carotin and espe- 
cially rich in xanthophyll resorb carotin and exclude xanthophyll, although the 
latter is more abundant in the food. Fowls, on the contrary, exclude carotin and 
resorb xanthophyll. Mammalian bile has been studied and found to dissolve 
xanthophyll easily, but to be without effect on carotin. Whether this is a factor 
in the causes. underlying the deposition of carotin is not known. There are no 
studies on avian bile. The bile from one penguin did not dissolve crystals of 
xanthophyll, but little weight can be given to one experiment. Gerould,!* in a 
study of caterpillars, was able to increase the pigmentation by feeding an unusual 
amount of pigmented food. He thought that there was evidently a physiologic 
factor involved in these variations as between species, and that it probably was an 
enzyme, possibly an oxidase, free in the digestive tract. The individual variation 
is noticeably demonstrated in hens, a fact made use of by poultrymen in culling 
out unprofitable hens. Large production of eggs is definitely and positively cor- 
related with pale shanks, ear lobes and beaks. In experimental forced feeding of 
xanthophyll the pigment appears in a very few days in the skin of nonlaying 
hens, but it may not appear for weeks in the skin or fat of laying hens, even if 
they lay only once or twice a week. In one feeding experiment two laying hens, 
one capon, and one sterile hen of the same breed, all apparently healthy, were 
fed on a rich carotinoid diet. The capon and the sterile hen colored intensely 
in five days, and at the end of four weeks the laying hens showed no appreciable 
change. Klose, in a study of infants from a home, stated that only a few of the 
babies on being fed carrots, showed the pigmentation, and these were always the best 
developed children, “all with well developed panniculus adiposis.” Van den Berg 
and his associates in a study of the blood pigments of man found that the luteins 
were increased in diabetes, interstitial nephritis and arteriosclerosis, although 
pigmentation of the skin does not develop in all. 


10. Connor, C. L.: Am. J. Path. 21:227, 1928. 
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In the birds of this group milder and more severe lesions of the thyroid 
gland, pancreas, adrenal glands, kidneys and intestines were found at autopsy; 
all the birds had a tendency to accumulate fat. Apparently an excess of oxygen 
must be available to oxidize the pigments and so prevent their deposit in the tissues, 
and therefore any factor. as caponizing, etc., that depresses the general metabolism 
or produces a suboxidation of the tissues favors the deposition of pigment. 


PULMONARY “PsEUDO-AcTINOMYCOSIS” (CHROMOBLASTOMYCOSIS?) IN A CaAPy- 
BARA (HypROCHOERUS) DUE TO A HyPHOMYCETE PRODUCING Ray FuNGI 
IN THE TISSUE. FRED. D. WEIDMAN. 


An unidentified fungus, which is not a member of the streptothrices (as is that 
in actinomycosis), but a broad-celled hyphomycete with thick walls, was established 
as the cause of a ray fungus formation in the lung of a capybara. The points 
to the presentation were as follows: 

1. Radiate arrangements simulating ray fungus formation are possible in dis- 
eases other than actinomycosis; on passing inspection they could be readily con- 
fused with the ray fungus of actinomycosis. 

2. Unique supplementary formations in the form of feathery lateral processes 
on the rays made their appearance. 

3. As a broad hypha was demonstrable in the axis of some of the rays, the 
phenomenon is brought into analogy with ray formation in true actinomycosis, 
substituting only the broad, thick-walled hypha of a hyphomycete for the delicate, 
slender one of a streptothrix. 

4. By analogy with other fungus cells that notoriously show incrustations 
(aspergilli, some of the microsporons, Coccidioides immitis), additional evidence is 
brought to bear on the debated nature of the hyaloid substance comprising the 
actinomycetic club; the fungus in this capybara serves as a welcome connecting 
link between the grosser, nonradiating forms just mentioned and Actinomyces. 
That is, the hyaloid constituents of the actinomycetic club are simply variant 
examples of the property of incrustation more or less general to higher fungi. 


THe NATURE OF THE ERYTHROCYTIC DAMAGE PRODUCED BY ACETYLPHENYL- 
HYDRAZINE IN VIVO AND IN ViTrRO. R. P. CUSTER. 


Previous experimenters who have used acetylphenylhydrazine (pyrodine) to 
produce anemia in animals have noted, on examination of stained smears of the 
blood, peculiar round, darkly-staining, refractile bodies, varying in size from one- 
eighth to one-sixth the size of the erythrocyte, lying either within, on or against 
the margins of the red blood cells. All have hazarded opinions as to the nature 
of these bodies and their relation to the hemolytic action of the drug. The work 
reported here is one phase of my experimental studies on phenylhydrazine com- 
pounds, showing the manner in which the erythrocytic structures are formed and 
thereby demonstrating the nature of the erythrocytic damage produced by these 
drugs. 

Subcutaneous injection of acetylphenylhydrazine solution produces a profound 
anemia in forty-eight hours. The so-called “inclusion bodies” appear concomitantly 
with the anemia and persist until the regenerative phase of the blood is well 
established. Fresh preparations of the blood show the majority of the red blood 
cells to contain the bodies, definitely intracellular and marginal in position. The 
density of the body and the density of the cell vary inversely; the largest and most 
dense of the bodies are seen within “ghost cells.” 

A mixture of equal parts of acetylphenylhydrazine solution (1: 100) with a 
1: 100 dilution of blood in isotonic saline solution, observed promptly in a hanging 
drop chamber, shows the mechanism of this reaction. A primary slight crenation 
of the erythrocyte is seen, followed within a minute by resumption of its original 
form, on establishment of osmotic equilibrium. Soon an opaque shadow appears 
within the cell, irregular and hazy in outline and occupying about one fourth of 
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the flat surface area. This shadow-like body becomes sharper of outline, more 
opaque and smaller (to about one eighth of the diameter of the cell) ; then increases 
in translucency and refractility, finally appearing as a vacuole. A given cell may 
contain one or more of these seeming vacuoles, which move about freely within 
the confines of the cell membrane. Further observation shows a slow fading of 
the hemoglobin of the cell, with a concurrent increase in the density of the con- 
tained body until but a shadowy cell membrane persists, immediately within the 
circumference of which lies the “inclusion body.” Finally the cell membrane dis- 
integrates, leaving the body free in the suspension. Spectroscopic examination of 
such a suspension gives the reaction for methemoglobin. 

These bodies are analogous to the Heinz-Ehrlich bodies occasionally demon- 
strable in severe toxic anemias, the so-called “inner-body anemias.” 

This article is to be published in full in the American Journal of Medical 
Sciences. 


A COMPARATIVE Stupy OF AMEBIASIS IN MAN, MONKEYS AND CATS, WITE 
SPECIAL REFERENCE TO THE FORMATION OF THE EARLy LESIONS, HERBERT 
L. RATCLIFFE. 


A study of the histologic lesions of intestinal amebiasis in monkeys belonging 
to two South American genera has shown that the first lesions are superficial 
erosions of the mucosa. These are followed by the development of undermining 
ulcers that have their origin in the solitary lymph follicles of the wall of the 
large bowel. When tissue is fixed immediately after death, the amebas are seen 
in the mucosal lesions, but not in the submucosa. The apparent rdle of the 
amebas is the superficial destruction of the mucosa, which allows pyogenic bacteria 
to invade the lymph vessels and produce submucous abscesses in the follicles. 
The follicular abscesses rupture into the intestine and form the undermining ulcers. 

Striking differences are seen when tissue is fixed from twelve to twenty-four 
hours post mortem. There are extensive necrosis of the mucosa and deep invasion 
of the wall of the gut by the protozoa. These organisms are also seen in large 
numbers in and about the ulcerated follicles. The inflammatory reaction about 
the ulcers, so prominent in fresh tissue, is not so striking. Leukocytes, as well 
as the remnants of follicles, undergo degeneration. 

A comparison of these changes with the lesions described in human intestinal 
amebiasis shows that they are very similar and probably originate in much the 
same way. The presence of amebas deep in the tissues in man may be accounted 
for by postmortem invasion, since descriptions are made from tissue fixed several 
hours after death. 

The lesions of intestinal amebiasis in the cat do not appear to be comparable 
to those in primates. In the cat, the pathologic process is one of direct invasion 
and destruction of the wall of the gut by the amebas. This is usually accompanied 
by an inflammatory reaction of the whole wall, indicating bacterial as well as 
amebic action. True undermining ulcers, comparable to those in primates, do not 
occur and lesions presented as such seem to have another explanation. 
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Book Reviews 


THE REGULATION OF SIZE AS ILLUSTRATED IN UNICELLULAR ORGANISMS. By 
Epwarp F. Apotpn, PuD., Associate Professor of Physiology in the Uni- 
versity of Rochester. Price, $4.50. Pp. 233, with 66 figures and 15 tables. 
Springfield, Ill.: Charles C. Thomas, 1931. 


This book is divided into twelve chapters: 1. Body Size as Structure and as 
Function. 2. Rates of Growth and Individuals. 3. Variability of Body Size. 4. 
Inheritance of Size. 5. The Rate of Multiplication. 6. Size in Relation to 
Multiplication Rate. 7. The Fusion of Individuals. 8. Internal Characteristics 
and Size. 9. Some External Factors and Size. 10. Size in Relation to Body 
Surface. 11. Size of Nucleus. 12. Conclusion. In addition, there are an appendix 
on spirogyra cells, an excellent bibliography and an index. 

It is difficult to exaggerate the value of the quality and the quantity of data 
in this book. Also, merely to read the topics of a chapter is stimulating. In 
chapter 1, for example, a discussion of size as a regulative characteristic and of 
metabolic turn-over, one finds a treatment of regulation, of the cell theory, water 
as a constituent of cells, vacuoles, surface permeabilities, the lower limits of cells, 
etc. The chapter on rates of growth of individuals, dealing largely with Para- 
maecium, shows the author’s discrimination and critical judgment. Biologists will 
find the chapter on variability of body size the most useful. The old question 
of the relation of size to multiplication rate (chapter 6) is lucidly presented; so, 
too, are the chapters on internal characteristics and size and some external factors 
and size. The reviewer found the chapter on size in relation to body surface 
somewhat too briefly treated. 

The book is a valuable contribution: (1) because of the large amount of care- 
fully appraised data that it contains, (2) because of the clear and simple method 
of presentation and (3) because of its unified point of view. 

Many readers, perhaps, may have some feeling of disappointment because Pro- 
fessor Adolph advances no theory. In this he but carries out the thesis expressed 
in the preface; namely, that the recognition and description of problems constitute 
the first step in the analysis and solution of these problems. One such problem is 
that of body size. He gives two main reasons for beginning the study of regula- 
tion of size on unicellular organisms: “First, their patterns and functions are 
most readily modified by changes of environment, so that influential factors may 
be quantitatively identified in isolation. Second, uniparental inheritance is the 
rule, with the result that, in any species, genetically uniform individuals may be 
obtained for study.” These are two excellent reasons. The reviewer therefore 
agrees with Professor Adolph that physiologists have given too little attention to 
the advantage offered by unicellular organisms. Certainly, not since Verworn’'s 
time has the physiology of the protista received the attention it merits. The 
reasons for this situation are not difficult to ascertain. 

Many biologists, including some protozoologists, consider unicellular organisms 
as apart from the multicellular. Also, many workers, including protozoologists, 
have somehow come to think of the protozoa too largely in terms of conjugation 
as exemplified by the ciliates. The emphasis placed on this one problem has there- 
fore overshadowed problems of more general significance both for the protozoa 
and for the metazoa. 

A general physiology, like Verworn’s for example, based too much on protista, 
nowadays meets with a cool reception. On the other hand, a general physiology, 
in the sense of Claude Bernard, giving great emphasis to the vertebrate brain 
and spinal cord, finds ready approbation. However, the advantages of unicellular 
organisms pointed out by Professor Adolph cannot be gainsaid. Perhaps his book 
will stimulate new interest in the physiology of unicellular organisms. Certainly, 
it is a lucid statement which fulfils the promise to recognize and to describe the 
problem stated. 
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Dre BroLtocie pER Person: Ein HANDBUCH DER ALLGEMEINEN UND SPEZI- 
ELLEN KONSTITUTIONSLEHRE. VON Pror. Dr. T. Brucscu uNpD Pror. Dr. 
F. H. Lewy.  Lieferungen 15 und 16, Band III. Pp. 577 and 888. Lieferung 
17, Band II: Handscrift und Charakter. Von Elisabeth Flatow-Worms. 
Experimentelle Untersuchungen zur psychophysischen Typenforschung. Von 
F. H. Lewy, E. Jaensch, usw. Das Leib-Seele-Problem und die psycho- 
physischen Korrelationen. Von Hans Pollnow. Paper. Pp. 695. Berlin: 
Urban & Schwarzenberg, 1930 and 1931. 


With parts 15, 16 and 17, the “system of the biology of the person” has been 
completed. H. Haike discusses the relations between heredity, configuration of the 
external ear and diseases of the middle and internal ear. Much space has been 
devoted to otosclerosis, which among the hereditary diseases of the ear claims 
the greatest interest. Particular mention is made of the geneological trees of 
families with otosclerosis. Since it is impossible to predict otosclerosis with 
certainty, the author does not accept it as an indication for the artificial interup- 
tion of pregnancy. Valuable information will be found in F. Pinkus’ splendid 
contribution on the skin. There are chapters on the finer structure of the skin, 
the features of the face, the secretion products of the skin, the effect of the 
physical influences of the outer world on the skin and its defense reactions, the rela- 
tions between the endocrine glands and the skin, the action of poisons on the 
skin and the influence of diseases of the skin on body and mind. F. Munk, 
who is well known from his book on diseases of the kidney, takes up the normal 
and pathologic function of the kidney and its individual variations. A chapter 
has been devoted to the vegetative nervous system. K. Dressel and F. Himmelweit 
present the material in a clear and concise manner without going into details. 
The individual variations in the reactivity of the autonomic nervous system play 
an important réle in modern clinical and experimental medicine. The autonomic 
nervous system is under continuously changing external and internal influences 
and, on the other hand, influences the normal and abnormal functios of the organs. 

The last number gives an extensive contribution on hand writing and character 
by Elisabeth Flatow-Worms, which is profusely illustrated, and chapters on the 
experimental investigation into the psychophysic types (F. H. Lewy, E. Jaensch, 
W. Jaensch, O. Schmaehl, P. Lersch and C. Mandowsky) and on psychophysic 
correlations in general (H. Pollnow). 

The whole work on the “biology of the person,” the other issues of which 
have previously been reviewed, consists of four stately volumes. The material 
that has been collected in these volumes is enormous, and there are many chapters 
by physicians outstanding in particular fields of biologic and medical science. 
The fact that it contains data that are inaccessible to the average physician is 
perhaps the greatest value of the work. It brings attention to the tremendous 
importance of the problems of individuality in health and disease, which are 
still often neglected. Modern medicine has to deal not only with the causes and 
manifestations of diseases and their treatment, but also with the individual response 
to the morbitic agent and to drugs. Constitutional pathology is the tenor of 
the work, which should be found in every well equipped medical and biologic 
library. 


RecENT ADVANCES IN Forensic Mepicine. By Sypney Smits, M.D., 
M.R.C.P., D.P.H., Regius Professor of Forensic Medicine, University of 
Edinburgh, and Jonn GtarstTer, Jr., M.D., D.Sc., J.P., Barrister-at-Law, 
Inner Temple, Professor of Forensic Medicine in the University of Egypt, 
Cairo. Cloth. Price, $3.50. Pp. 194, with 66 illustrations. Philadelphia: 
P. Blakiston’s Son & Company, 1931. 


The object of this book is to review certain more or less recent advances in 
medicine in their medicolegal relations. The first four chapters are devoted 
to firearms and injuries by projectiles. The modern methods of identifying firearms 
receive thorough and competent consideration on the basis of much personal study. 
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All who deal with medicolegal problems of injuries from firearms will find these 
chapters of great value. The chapter on hairs is noteworthy because it describes 
and illustrates the microscopic appearances of the hairs of a large number of 
animals. The discussion of the medicolegal applications of the precipitin test and 
of blood grouping is elaborate but fails to convey that sense of experienced grasp 
of principles and practical details characteristic of the chapters on firearms and 
hairs. There follow short chapters on the quantitative determination of carbon 
monoxide in the blood, spectroscopy in medicolegal investigations, the detection 
of fluorescent substances by means of ultraviolet light and the estimation of alcohol 
in the blood and the urine. The illustrations are excellent. The book is com- 
mendable; it illustrates the great variety and refinement of methods that are 
applied in medicolegal work. Obviously, these methods are so diversified that no 
one person can master them all. Only organizations or institutes with several 
departments under expert direction can meet adequately the public needs in the 
way of scientific examinations for medicolegal purposes. 


OXIDATION-REDUCTION POTENTIALS. By L. MicHaetis. Translated from the 
German by Louis B. Flexner. (Monographs on Experimental Biology, founded 
by Jacques Loeb.) Price, $3. Pp. 197. Philadelphia: J. B. Lippincott 
Company, 1930. 


The discovery, by Hopkins, that all cells contain a substance, glutathione, 
capable of undergoing reversible oxidations and reductions has emphasized anew 
the importance of these reactions in the living cell. Oxication-reduction (redox) 
systems give rise to measurable electric potentials that are dependent on the relative 
concentrations of oxidant and reductant in the system. The study of these electric 
potentials is thus of great importance in following the nature and course of such 
reactions. 

The author considers the present volume as the second volume of his work on 
hydrogen ion concentration. The book is divided into two parts: Part 1, on 
physicochemical considerations, deals with the principles underlying the subject of 
oxidation-reduction potentials. Oxidation and reduction are first defined, in accor- 
dance with modern principles, as the loss and gain, respectively, of electrons. The 
author then discusses the thermodynamic basis for the calculation of electrode 
potentials and shows how this may be applied to a number of important inorganic 
and organic oxidation-reduction reactions. In the second part of the book, on 
physiologic applications, the author applies the principles developed and discussed 
in the first section to oxidation-reduction systems found in protoplasm. Such 
systems as the sulphydril (SH) systems, which are exemplified by cysteine and 
glutathione, as well as hemoglobin and its derivatives, cytochrome, etc., are dis- 
cussed at great lenth. The purpose of this book is “to discuss the theoretical 
principles of oxidation reduction potentials” in order that future work in this 
important field might be facilitated. Professor Michaelis points out that “the 
present state of investigation forbids exhaustive discussion of the subject of physio- 
logical applications unless one be willing to risk the danger of involving immature 
topics.” 


Foop PorIsoNING AND Foop-BorNe INFECTION. By Epwin OaKEs JORDAN, 
Chairman of the Department of Hygiene and Bacteriology, the University 
of Chicago. Price, $2.50. Pp. 286. Chicago: University of Chicago Press, 
1931. 


This is the second edition of “Food Poisoning,” published in 1917, which has 
been rewritten to include the results of later investigations. A brief enumeration 
of the contents will give an idea of the scope of the book. The first chapter deals 
with the general problem of food poisoning. Then come chapters on food allergy, 
poisonous animals and plants, poisons and harmful substances occasionally intro- 
duced into food by accident, and the deliberative addition of coloring matter or 
prezervatives. There are two chapters on food-borne bacterial infections, with 
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special reference to paratyphoid food poisoning, and a chapter on animal parasites 
that may enter the blood in or on articles of food. The next chapter is devoted 
to the consideration of poisonous products developed in food by bacteria and other 
micro-organisms. In this chapter is discussed the toxic substance produced by 
staphylococci, which has been studied especially by the author and which probably 
causes food poisoning more frequently than is recegnized. The final chapter deals 
with food poisonings of obscure or unknown nature. “There is an important 
residue of unexplained food poisoning that needs further skilled investigation. It 
is one of the objects of this book to point out this need and to draw attention 
to the numerous problems that await settlement. The first step is the regular 
and thorough investigation of every food-poisoning outbreak.” The book is a 
model of clear and effective presentation. It summarizes exceedingly well the 
knowledge of the problems of food poisoning and its prevention. 
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A SysTeM OF BACTERIOLOGY IN RELATION TO MEDICINE. Medical Research 
Council. Volume 8. Price, per volume, cloth, 1 pound, 1 shilling net. London: 
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Library of Information, 551 Fifth Avenue, New York.) 
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Tropical Medicine. 





